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Page 93, text 1. 50, — for VTff road 

93, „ 1. 55, — for read ^nrafl. 

95, n. 2, — for ^ road *?. 

96, last line but 2, — /or Vil^Oni rrad VilMru. 

101, text 1. 8, — /or WPf- rra<i 
•103, „ 1. 54, — for 511 read 

118, „ 1. 20,— for road qg. 

124, n. 19, — for ^r«TO° read ^5in 0 . 

158, last two lines, — for Auhilgacjdifl. and Auda° read A.ft°. 

170, n. 2, — for Bhashage read Bhlshege. 

171, n. 3, — for read »r. • 

171, text 1. 16,— [for d '•T *T5*j read See Ep. Ind., Vol. Ill, Add. and Oorr., 

• p. viii. — H. K. S.] 

172, „ 1. 25, — for read 

172, „ 1. 42,— for read °ri. 

172, ,, 1. 42, — for road °wr. 

179, n. 1, — Tlio Jlansot plates were published in Ep. Ind., Vol. XI I, pp. 197 sqq. 

185, n. 7, — for dftsifv read Td- 
187, n. 1, — for read °*TOT- 

✓ 

212, no. 16, col- 3, — for Srlvatsa read Sri 1 . 

213, no. 24, col. 2, “l , T . 

> — for Lingana read Lmgapa. 

214, no. 52, col. 2, J 

220, text 1. G7, — for read °i. 

223, „ 1. 137,— for read c *. 

231, 1. 2, — for §aliv&hana reckoning read cycle. 

272, text 1. 41, — for da-volada read da-volada. 

298, v. It* — for °jvalitair we might read, for (he sake of the metre , "jamtat r. 

301, v. 59, — for vaikalpya read vaikalya ? 

300, n. 2, — The reason why the elephants recoil from drinking the water of the ocean* 

would rather be that it is scented with the ichor of the ditj-yaja*.— 
H. K. S. 

307, v, 44,-r-/o/‘ applied his energy to battle 1 we miyht read ‘ bringing them to peace 

through battle \ 

309, v. 07 ; — for 4 tho praise of tho blest Map (Jan a ’ we might read * the religious 

foundation ( klrttana ) of the blest Maadana’. 

312, trans. tv. 37-42, — for in the month Makara read at a Makara-saihkr.inti. 
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CORRECTIONS BY PROFESSOR 11ULTZSCH. 



Vol. XI. 

Pago 84, n. 7, — for read g'sm;. 

„ 144, text 1. H3, — ; for read qq. 

„ 145, „ 1. 45, — for read °Wiq. 

18], no. IB, — Tliis inscription was published independently by Mi. i). R. Bhandarkar 

in the JntL Ant., Vol. XLII, pp. 201 sqq. 

„ 221, text 1. 12, — for °fuf^^T read °fa*£*T. 

Vol. XI T. 

Page 62, n. 45, — for i-fishanamu read nVslianamu. 

„ 63, text 1. 4,— for read °<fl»TT. 

„ 03, „ 1. 12, — for read 

,, 03, n. 12, — for unfit 0 read utftt°. 

,, 188, 1. 13, — for klfipta read kjipta. 

,, 188, I. 23, — for Magbauanmani read Maghavamapi. 

„ 192, text 1. 42, — for fqqrfq read faqifa 0 . 



Rao Bahadur R. Narasimhachar, M.A., has kindly oommunioatod to me the following 
corrections of the paper on tho Insoriptions of Kurgod in Vol. XIV, pp* 265 if. 



Page 270, v. 8 , — read b&lftiduva kale (“the digit of the crescent moon M . It became a 

full moon by Parvati’s lovely glance and the lustre of her moon- 
face). 

,, 271, v. 13, — elidan-yey , “ to laugh at”. Ulidikkeyane ma<fu means the same. Aro 

Jcaduimr , “ who w ill fight ” ? 

,, 271, v. 19 , — read adagunti (= greatness), not adagtrati. 

,, 271, v. 20, — nvanibhj:it-sumangalam==“ equal to a mountain, great 

,, 272, v. 21,-— Aspadey~app-l£chala is the correct reading. See verso 10 of inser, B. 

„ 272, 1. 34, — Yugandhara is commonly used iu Kanarese inscriptions for Yaugan- 

dharayana, tho minister of Vatsar&ja. 

,, 279, v. 2 , — read N ityobhavsv vesar-esav-I . 



i < 









279, v. 3, — This verse is in praise of Rfichi (not r5ji), who is compared to the ocean. 

Hat ndkara and mmndra are synonymous. 

280, v. 5, — Ltere there is a play on w ords. The outer town had' sa-ra, ‘ponds’ cr 

‘musical sounds’, like (tefade) N&rada ; swans (moon and sun) 
like the sky; and groves (rtuncsLaksliml) like Vishnu. 

280, 1. 23, — the correct reading is bill am gomdu kalitanada hdlupim , “having taken 

the bow, by the might of his prowess . . There is no reference 
to Nala. 



281, v. 15, — a aij &n ma rht r-&bd hi-rfi j a m = a moon to the ocean of proper policy. 

L. D, II. 
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Rao Bahadur R. Narasimhachar, has kindly supplied to me the following correo 

tions to some of my papers in Vols. XIII and XIV of tho Epigraphia Indioa. 

VOL. XIII. 

Page 41, 1. 5 of text : the construction is pra b a ndha ■ kavi-raja ih, “ king of poets <>f compo- 
sitions There is no reference to Vi nit ; lirahnul is not nientioneil 
under that name. 

„ 44, 1.30 of text: uru-scr^go^tu = “having become prisoners”. Tannayn hey a 

should probably be corrected to tann^arikeya : 4 i here were none 
who did not send precious things and vehicles \ Tlio alteration 
requires a r . 

171, 1* 26 of text, and Vol. XIV, p. 271, 1. 2(> of text : uduyuult should be corrected 

to adagunti, a form which occurs in literature, 

Vol. XIV. 

Page 270, 1. 13 of text: read bal-endura kaU, “discard the crescent, now that you have tlu> 

full uioou”, The term in -a is used for the regular accusative in 
* -a?h' 

271, 1. 17 of text: kumtala-deki denotes only the place on the head where the looks 

of hair aro ; there is no reference here to the country of Kuntala, 

271, 1. 18 of text : bhuta is a mistake for chut a. 

271, 11. 20-21 of text: d/aivxtfu==“ to despise ”, dlinuT ju= 4 ‘ to treat with contempt**, 

elidikke-mdtfn — ** to mock”. Eiidirkke is wrong. 

280, 1. 10 of text : toradd is a misreading for turado. 

280, 1. 23 of text : bilam is a mistake for chalam\ and Kalita-Nala is an error for 

kaJitanadiiy 44 of valour 

Pages 280-1, 11. 25*6 of text : bhagadol is an error for chrtgadol (“ in generosity which 

should bo construed with -udara-tnyan in the previous port ion of tho 
Verse, 

Page 281. 1. 3 from bottom of page: kuliia here 5? 1 diamond \ Nails are not likened to 

fish. 

„ 282, v. 5 : tho meaning of this verse is not properly brought out. The outer town 

with its sara (pond, otherwise svant, musical notes) resembles tho 
sage Narada ; with its mja-hamsa (royal swans, otherwise the moon, 
raja, and the sun, limit an ) it is like tho sky; with its arUme (grove, 
otherwise d Uame , “ the celebrated Lakshin I ”) it is like Vishnu’s 
breast. # 

n 284, 11. 13-14 from top of page : niiij-oniniithtr-abdhi-rftjr.nii should he translated f< a 

moon to the ocean of his policy”, and suvibhitva-sutnand^nijari, “ au 
Itulra in his magnificence”. 
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i 
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R tfUX IN HI* 
C.ij., rktikkd). 



HINDU ASTRONOMY. 



No. 1. — THE TRUE LONGITUDE OF THE 

Bv Robkut Skwell (I 

{Ji continuation of thn author's “ Inditn Chronojraphy f M ^ntinuc l fro)n Epiy. Ind, XHT, 103 .) 

23 k The exact position of the trna or apparent sun It suffriso of each civil day, taken for 
tabular purposes ai mean sunrise, is one of the essential elements of Hindu chronograph v, and 
the exact piUsition of tho true moon is another. Fjom these positions are calculated the 
beginning and end of each tithi and nakshatra, wit.!] tho currency of these at sunrise. All 
over India for many centuries the civil day h is been c«Aplod with tho true tithi current at 
sunrise, the nakshatra in which tho true moon stiiU at sunrise being stated in tho local 
abfianacks and constantly mentioned in the dates of histric.al inscriptions. In s author a India 
tho nakshatra was considered of such importance tint from as early as tho tenth century it 
lias regularly given its name to the day. For the pnpca vorilioution of historical inscript on* 
dates, therefore, it is of tho highest imoortanee that wejshould know the precise position of tho 
true sun at any moment and more especially at tho ra'Jh^ut of mean sunrise. 1 

235. Now tho process adopted for this purpose i\! 14 Tho Indian Calendar" (Sewell and 
S. B. Dikshit, 1#.%'), though resulting in a fair approximation, did not, for critical examinations 
of dates, give a sufUciintly close result, as I have alrcaljy explained in my 41 Indian Ohrdno- 
graphy ,” §§ I L9, ISO , pp . 42-43) ; something more accurate was required. We want, for 
each of tho Indian astronomical authorities nop irately extremely accurate determination of 
tho sun’s true longitude each day of the year ; and tlpro is only one way to obtain this. For 
each day a calculation must be made of the exact equation of tho sun’s centre on the basis of 
the sun’s mean an »muly, according to the H in-in method of computation. This was a 
formidable undertaking ; but it has now been accomplished for tho two principal fftith orifice, and 
the Tables arc published* herewith. It is ti be hop < m|| tint they arc finjd They aro intended 
to fix the true longitude of the sun on any day or at ally mommt of the day, with an accuracy 
extending to tho hundredth part of a second, tho calculation having been each separately 
carried to eight or nine derlmals of a second so as to ensure correctness. I give the result in 
degrees and parts, and in ten-thousandths of tho circle. Tho former, converted as desired, can 
be adapted to any sys^tn of reckoning; the latter are for us* by tho Indian Calendar system, - 



1 For calculation affecting nil p<>rta of 1m lift tho basis lias to bo mean aunri^. and linn is always tak^o ah 
moan sunrise at Lanka, or Ujjuiti. 

* The Indian Calendar System is the system adopted by Prof* Jacobi (of Bonn) ip 1889 ( Indian Antiquary* 
Yol XVII) itself founded on La.\g«te»iu Connaiesnncv det Tempt, 1815)* 
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[Vol. «IV. 

236. These calculations are, as I have stated, based purely on the Hindu system of 
reckoning. I have used for the sun’s mean anorriMy and longitude the mean position and moan 
motion of the sun as gathered from each Siddhanta separately, and have used the Hindu 
Values of the sines for computing the amount of the equation of the centre, and thence the 
sun’s true position. The T.iblos aro prepared according to the First Arya and Present Sarya 
Siddhiintas, the latter both with and without the blja. Tho bija, whioh came into- general 

- fcV 

use about A.D. 1500, made no chango in tlio longth of the solar year or the number of civil 
days in a mahayuga, or in tho position of the sun's apsis, and therefore none in the sun's 
longitude, whether true or meau.^X shall attempt hereafter to publish similar Tables for 
tho other principal Indian authorities^— Tables which will bo of great value in the verification 
of dates, seeing that up to the present time no one knows oxactly at what periods and in what 
tracts these other Siddhantas were used. (The Siddhdnta-Sirdmani Table has been completed' 

and is ready for Press.) 

237. Assuming, since these Tables are not intended for any but the initiated, that the 
Indian Calendar process oil calculation, which might be termed Prof. Jacobi's first process 
and whioh has the advantage of simplicity, is known to readers of tho Epigraphia , only one or 
two remarks need be made before enjboring on details. Since ovory thing depends on f.ho 
accuracy of the Table-entries, I must call attention to tho great help which I received from 
M. Louis de Hies of Moscow for mvny months. He takes the greatest interest in Hindu 
astronomy, and has prepared certain Tablets of his own, tho publication of which has been 
delayed by the War. His processes are characterized by the most laborious arfd painstaking 
endeavours to obtain extreme accuracy for every result arrived at. Filled with a similar 
desire, and after my calculations for iho sun's exact position (in true longitude for successive 
24-hour periods after the true sun’s arrival at long. 0°) had been carried out for about one-third 
of the Ary a -Siddhanta year, I asked M. de Kies to calculate some of these positions of tho sun 
by his own method, so that we might ctfnpare the results. He most kindly did so; and, when 
I state that our results, worked in critic independence of one another and by different methods, 
were found to agree in every respect dovto to four, and in one case even down to five, decimals 
of a second, I think that it may bo fairly^ssumod that my Tables may be depended upon. 

238. There is more than one reasoi why tho Indian Calendar system, though yielding 
results very fairly approximate, requires some expansion for tho purpose of exact calculation. 
By it we have been in the habit of computing the true moon’s placo both for the tithi and 
nakshatra by the S uryn- Siddhdnta d*ta, using the same figures for finding the tithi-index, 
t, and nakshatra* index, n, for all dates, b >th for inscriptions known to belong to tracts and 
times f when the Ary a- Siddhanta was the authority used by the framers of the record, as well 
as for those which must have been guidad by almanacks calculated by tho Surya-Siddfidnta. 
The c of the Indian Calendar method, i.e. the sun'B mean anomaly at any moment, is always the 
SHrya-Siddha\%ta c in thousandths of blie circle, and that it differs in various proportions , 
at different times of the year from the c of the Arya- Siddhanta will bo apparent to anyone who 
compares the entries for the same day given in my new Tables XL VIII A and B, cols. 2, 3, in 
ten-thousandths. At the moment of M^sha-samkranti for instance (tho first entry in each 
Table) the c by the Surya is 2794 0642 in ten-thousandths, and ^is 279 in thousandths in 
Indian Calendar reckoning; but by the Ary a- Siddhanta it is 2774*5r>77, and so for our ordinary 
reckoning should be stated as 277. In calculation for the tithi-iudex, t y in ordinary work 
this difference has no very great effect, though of course it actually has some, and possibly 
may in some cases alter the value of t by one unit (4} min a ten) ; bat it has greater effect when 
we a**e calculating the nakshatra, as will presently be explained. As to the difference between 
the two authorities in the value assigned to tho sun's true longitude, s, it will be seen that 
{hi* varies day by day. About Day 261, i,c« the 261st period of 24 hours each measured from 
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true Moaha-sariikr&nti, the value of * is practically the same by the two authorities ; about 
Day 150 the Arya 8 is about 3' 36* ahead of the Stirya i. The difference increases and 

diminishes regularly throughout the year. 

The principal reasons for this difference are that by the- Surya- Si ddh&nta the position of 
the srni’s perigee-point is different from that assumed by the Ary a- Siddh&nta , and that there 
is a difference in the two year-lengths. 



230. I have stated above that this difference has only a very slight effect as regards 
the value of the tithi-indox ; its effect on the ordinary calculation of the nakshatra and htgna 
must now be noticed. In so doing we take first the nakshltra and note the process by which 
those who have used the Indian Calendar have hitherto calculated its index. 



Our method of computing the sun’s true longitude,*, by the system of the Indian Calendar 
has Ijeen to tako the c found for the desired moment, that is to say the valuo, in thousandths 
of the Circle, of the sun’s mean anomaly according to the Sury a- Siddh&nta , making this serve 
for both Siddhantos ; to multiply this c by 10 to get its ripproximate valuo in ten-thousandths l 
to add to it a figure, 7207, representing the long undo of the sun’s porigec-point (taken as 
7140*3 by the Surya-Siddhanta) in A.D. 1100 a siujUI addition (60*4) rendered necessary 
by the construction of tho Tables in order to avoi^ tho necessity for sometimes adding and 
sometimes subtracting the equation of tho centre 1 ;: to deduct Srorn tho result the figure 
representing this equation; and so to obtain the sun # s true longitudo, .sv Tho tithi-radex, /*, 
having boon already found, we add s to t , and find tho nakshatra-index w, or tho longitude of 
the true moon; this index shews in which nakshatra. the stands at tho moment. Tho result 
is an approximation, but it is not close enough. If we* are working for an- Ary a- Siddh&nta 
date, we have used Surya-Siddhanta values (which dilor slightly), and we have arrived at 



tho value of 8 in part by multiplying by 10 a valu^i obtained in thousandths so as to be ablo 
to 'apply it to the other valuo, that of tho moon, which has been obtained in ten -thousandths of 
the circle. This multiplication by ten creates a possibility of error not inconsiderable. Thus, 
if we have, in thousandths, the figure c = 623, this may stand for any value in ton- thousandths 
between 6225 and 6235, and may lead to a miscalculation amounting to anything under 10 
units in our estimate of the nakshatra index n ; ard 10 units represent in time- valuation 39' 



minutes. 

240. All these possibilities of error arc entirely removed by the present Tables. Tl\o 
exact value of $ by either Siddh&nta is easily found — a value which we know to bo absolutely 
correct-—, and when we add this 8 to the already found t wo know that the result gives the 
correct nakshatra-index ; or at least that the only possibility of error lies in tho value found 
for tho tithi. As for this last we must for tho present trust to tho correctness of Prof. 
Jacobi’s calculations for tho moon’s place relative to tho sun (a) and for tho moon’s equation (fc), 
correcting tho sun’s equation by my new Tables. 

241. These Tables will also be found very useful for calculating the lagtia accurately. 
Hithorto our process for finding, in working for the lagmt, the value of the sun s true 
longitudo, *| at mean sunrise of the day concerned has been the same as tho process for finding 
the nakshatra. Wo have found the value of s by both Siddh&nta 8 from a calculation j. sally 
correct only by one 8iddh&nia , and even that after a rather clumsy multiplication by 10 ? which 
itself may cause an error of 39 minutes of time. The present Tables give tho accurate 8 by 
either Siddh&nta, and they give it in degrees, etc., thereby simplifying the calculation. 



1 See Indian Calendar , §§ 107 * 108 j pp. 60 , 61 . ■ 

* The tithi-itidoi, "t ”, gives the distance of true moon from true sun, i.e. shews tho moon’s true place with 

reference to the true sun. Whon this is added to the true sun's longitude, we have the true moon’s place in the 

heavens, “ n ”, or the required nakehatra-index. 

a a 
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EXPLANATION OF THE TABLES. 

# 

242. Tabic XL l IL The details were worked out with great care by M. L. do Rios from 
the respective lengths of tho sidereal solar year, i.e. the time taken by the true sun to travel 
from 0° to 0^ according to the several Indian authorities. 

Tablo XLIV gives the sun’s mean motion per day of 24 hours, and per hour, minute and 
second, for use in calculation. It is exact for tho A rya m 8iddhanta y and may be used with cure 
for other authorities, having regard to tho footnote. 

Tablo XLIV A. See the heading. Tt explains itself. 

Table XTjVA is for uso in calculations. Every valuation given in the main Tables 
XIV 111 A and B in ten thousandths of the circle was made by it. 



Tablo XLVB is the reverse of XIV A, 



Tablo X IV I is a revised nakshntra Table, showing the exact ending points of each. 

Table XLVII is very important, being a revised Tablo of sines and equations of tbo 
sun’s centre, given in full after particularly careful calculation. Its preparation is described 
bulow §§ 249*253. Tho supplementary Tnhlo XLVII A gives, for closo work, very full details 
of tho exact equations according to authorities other than the Hirst Arya-$iddJj,dnta aou of 
the differences, in seconds per n^inuto of mean anomaly-arc, between the consecutive base- 
equations. Table XIjVII is for tho present to bo held inapplicable to tho Brahma- Siddhctnt a. 



'Tables XIV III A and X LVII IB are the main working Tables, showing, by Abe First Ary, i 
and Present Sumja Siddhanta* (with or without the blja), tho precise value of tho sun’s truo 
longitude (s) and equation of the centre at each interval of 24 hours measured from true Mesha* 
saiiikranti, tho moment when tho truo sun arrives each year at celestial longitude IP ; as well 
as the sun’s mean anomaly and mean longitude. There was no possibility of framing a 
Table which should give these particulars for mean sunrise of each day, tho primary require- 
ment fur tho verification of Indian dates, because the moment of truo AJ ftslia-Maiukranti 
varies each year and tho starting-point had to bo from that moment. These two Tables 
therefore give the consecutive 24-hoar positions of tho mean and truo sun alter that moment. 



Tables XLIX and L onable us to find the sun’s true longitude at mean sunrise ; tho 
former giving for each group of days the sun’s true motion per hour, and the latter giving his 
mean motion per minute. It is not necessary for general purposes to give his true motion per 
minute ; if required, this can always be obtained by dividing by 60 tho details of Tablo XLIX 
for one hour of tho day. 



243. Tables XLVIII to L are used in the following way, when we desiro to find the 3 for 
mean sunrise. Say that Mdsha-gamkraoti occurred in the year fur which we are working at 
12 h. 15 m. after mean sunrise, according to tho Indian Calendar ( Table f, cols. 13 to 17 or 17a). 
Then for evoi^ day of that year Tabic XLVIEIA or B gives us his true longitude, s y at 12 h. 
15 m. after moan sunrise ; and to obtain tho s at mean sunrise on the day in question wo have 
to deduct tho sun’s true motion during 12 k. and 15 m. We do this by Tables XLIX and X, 
and so get tho exact b for mean sunriso on the day in question. * 



Tablo XLIX for hours is exactly correct for the Arya-Siddhanta. When used for tho 
8 ury a- S iddlulnta , there may be an error amounting, at the time of year when there is tho 
greatest difference between the two authorities, to about one-third of a second per hour or about 
seven seconds per day. If anyono desires to be absolutely exact by tho Surya-Siddhanta , 
lie should calculate tho true sun’s motion during the hours and minutes of the day iu question 
by oh>’jrving in Tablo X IV 111 B the consecutive 24-hour positions, s t of the sun given in 
tho Table for (i) the day in question and (ii) tho previous day, and divide tho difference by 24 
for eacli hour's, and this result by 60 for each minute’s, truo motion. Even this, of course, is 
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not mathematically exact, since the true motion of the sun varies from hour to hour ; but it is 
quito accurate enough. 

244. The calculation for tho true longitude of the sun each day was made by ascertaining 
his mean anomaly and then using the sine-Tablo as finally prepared (Table XLVIT) for finding 
the equation of the centre. The starting point for the year is tho value of his mean anomaly at 
the moment of true Mesha-samkranti. This had to be computed with great care. Tho problem 
is fully discussed below §§ 254-255. 

245. To obtain a correct value of tho Kinds mean loxuritude at sunrise of ary day, take the 
value given in Table A LVIIlA or />, as the case may hr, and deduct for tho intervening hours 
and minutes (rf. s. 213) tho quantities shewn in Tublo XLIV for the Kinds mean motion. 
Greater accuracy even than this can be obtained by the use < f 'Table XTjI IT. 

J}4G. I do not enter very fully into the difference in the son’s i rue longitude brought .shout, 
according to the Surya-Siddhanla, by the shift in the apsis of tho sun’s oibit, bre.mse this 
seems so slight that it may bo ignored. It would amount about 1/' in the last 1500 yi-ars 
(see below , s. 2ol, «). 

Ct>e o j fhc Table*. Hubs. 

* 247. Tltfit tho uso of tho 'Tables may bj thoroughly understood, t append a few rules of 
work and examples. # 

(i) Tho nakshatra. — Work by tho usual Indian Calendar process for finding /, the tithi- 

index at mean sunrise of the day in question. Not,* tho serial number of tho civil day, 
ignoring altogether tho day of thu Hindu solar mouth. Deduct from this number tho serial 
number of the day on which Mosha-^anikranti occurred ( Table, f , col. to). The result is tho 
number of the day, or 2 l-hour period, referred to in col. I of tho new Tables XL V 1 II A and 
ii. # Remembering to uso the proper Table for the Sid Ihdnla concerned, turn to this number in 
either of those Tables. Against it in col. 9 will bo found the correct value of tho aim's 
longitude, s, on that day at a moment as many hours a:id minutes after nmun sum-iso as clapstd 
between mean sun rise and tho moment of Mosha-saiidvranti at the beginning of the solar year 
(Table f, col . 17 or 17a). 'Turn to Table XLIX for lmurs on the day in question and 'T.-.blo L 
for minutes, and deduct from tho s so obtnini-d tho vuluis of thu muTs motion during those 
hours and minutes (above § 213). This gives the sun's exact true longitude at mean sunrise of 
the day iu question. = n, the naksli:itr.t-ind<*x. For exact ending points of nakshntras, 

i.e. tho points when the truo moon passes out of each, consult Table XL VI. ( Table VIII <>£ 
the Indian Calendar suffices except in very close eases.) Properly worked, tho s so found 
yields tho correct longitude of tho true suu within tho hundredth part of a second. 

(ii) Thu tithi . — [ This may bo examined by the row Tables, though probably it wilj not bo 
liable to change, or at any rate not to any change gr tutor than one unit. Until some new 
Tabh-s avo published, we work for tho moon's ph.ee by Prof. Jacobi's lixtiyes, and acets pt 
thorn. ] Tho serial number of tho clay, or lli— hour poriul, lxciri^ fuunti as alcove.*, note ncpiiust it 
in Tahlo XLVIHA or 13, cols. 2, *5, tho value of tho sun’s mean anomaly ; and for tho 
intervening hours and minutes deduct the sun’s mean Motion as given in 'Table XLIV, observing 
the renfarks in tho footnote to that 'Table. This give a tho sun’s mean anomaly n i mean sunrise 
of the day in question iu ten-thousandths of tho circle. Take the value in thousandths of tho 
circle by removing tho decimal point one place to thu bft. Refer to Tublo VII, Indian CnLjnlir, 
and the auxiliary Table for corroding the 4i equation c *’ of tho calculation, if it docs not 

seem necessary to work with greater exactness than by use of units of about 4[ minutes. 

Wo can find tho equation more accurately as follows : —It has been notrd in § 21*9 flint, 
iti order that 44 equation c ” in tho a. h, c. system may always be additive, the qiuniity fi0*4 
Was taken from a (tho mean moon’s dislauco fiom moan tsun) and added to the cqu:iln>?< of tho 
-centre. Hence we shall have tho exact “equation c ”, if we deduct from b01 the amount of the 
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equation (given in the new table)* when it is plus (4-), and add to 60*4 the Amount of the equa- 
tion, when it is minus ( — ) ; the signs are given fn the heading of cols. 6, 7, Tables XLVIIIA 

and B. 

The equation can also be obtained with quite sufficient approximation by noting the 
difference between the equation of tho day and the equation of tho previous day {cols. 
6,7), dividing this difference by 24, and applying to tho equation of the day the amount 
proportionate to the hours intervening from mean sunrise (see example given below', § 248, 
n, B) ; or, perhaps easier, the true sun’s longitude at mean suuriso having already been found, 
by calculating the moan sun's longitude at mean sunrise, as shewn in §245, and subtracting 
the one from the other. 

(iii) The lagna. — To find the time of rising of the named sign on the day concerned, 
calculate tho s for mean sunrise as above explained, but this time use degreos, minutes and 
seconds (col. 8 of either Table XLVIIIA or B) t Table XXII, Indian Chronography , gives the 
beginning and ending points of tho named sign. Adding to those 360°, if necessary, deduct 
from their value the value of b at mean sunrise. Tho result shews tho distance from the sun 
at mean sunrise of tho beginning and ending points of the sign. ^Multiply the degrees by 4 for 
minutes, and tho minutes by 4 for seconds of time. Tho result gives tho times of rising of tho 
beginning and ending points of the named sign. 

Examples of WorTc. 

A 

248. Given an inscription date to be examined, with tho details Saka 1412, Friday, tho 
day of Uttara Bhadrapudu, Chaitra krishna 12, Mithuua lagna. 

The year is A.D. 1490-1) 1 (Saka 1412 expired). Chaitra krishna 12 will be about 25 
days later than tho day of Chaitra sukla 1. Work first in the usxtal way by the Indian 
Calendar , * 



(Table I, cols. 0-25) 

( Table IV J'or 25 days) 


Day. 

. 81 

25 


JVor.k-day . 
?. 

4 


a. 

75 

8466 


b. 

' 430 
907 


C. 

264 

68 


( Table VI equation b) 
(Table VII equation c) 


106 
m m 

• • 


6 

« « • 


8541 

260 

7 


337 


332 






Tithi-index, i , = 


8808 







The day was 106, which ( Table IX) = 16 April, A.D. 1490. 

Week-day 6 = Friday. Tho indt j x t shews ( Ttible VIII) that the tit Li current at mean 
sunrise was Chaitra krishna 12. Wo then work fur the nakslialra-index. 



0 X 1 0 • • • m 

Constant • • • 


. 3320 

. + 7207 


Less for the wan's equation c 


527 
. - 7 


Sun's true longitude , s . 
Add the tithi-indox, t ♦ 


. 520 

8808 


NakHhatra-index, n 


. 9328 



n Tns value of n shews ( Table VHT) that by the equal-space system the moon at mran sun- 
rise of tho given day was in tho nak^hatra Uttara Bhadrapada. So far so good. Tite date 
seems genuine ; but we want to be certain, and we refer to the present Tables. 
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— 

A. Hie exact nakshatra (i) by the First A rya-Siddhdnta. — Mdsha-samkrnuti occurred in 

the year A.D. 1490 ( Tab! * J. cols . 13 } 17) at 10 h. 55 m. after mean sunrise on Day 86. The 
day of the record is 106. 106 — 86 = 20. Turning to day 20 in Table XLVIIIA, col. 1, we see 

that the sun’s true longitude, s, was, at 10 h. 55 m. after mean sunrise, 540*6811, in lO.OOOtha 
of the circle. Deduct the sun’s true motion on Day 20 for 10 hours and 55 minutes; viz. 
(Table XLIX) for 10 hours 11*2059, and (Table L) for 55 minutes 1 0457, total 12*2516. 
540*6811 — 12*2516 = 528*4295. This is the valuo of s at mean sunrise on the given day. 
Add s to t, 528 + 8808 ( in whole numbers) = 9336. This is tire proper naksbatra-indox, «, for 
mean sunrise, always supposing the titlii- index, t , to be correct. It differ by 8 units from the 
Indian Calendar valuation 9328, which is found therefore so much in error. This, in time 
(Table X ), is over half an hour ; but we find that the moon was certainly in Uttara Bhadrapada 

at mean sunrise. 

(n) By the Stirya-Siddhanta . — The process, mutatis mutandis , is similar. Mosba-sam- 
kranti occurred at 12 h. 44 m. after mean sunrise. On Day 20 (Table XL VII IB ) s, at 12 h. 
44 m after mean sunrise, was 540*5000. Deduct for the sun's true motion on Day 20, for 
12 h. (Table XLIX) 13*4471, and for 44 ra. (Table L) 0*8365. Total 14*2836. 540*5000 

— 14*2836 = 526*2164. This was the s at mean sunrise, s+t = 526 + 8808 = 9334. This, if 
the £ is correct, is thd correct value of the nakshatra-i infix, n, at mean sunrise ; afid we see that 
tho Indian Calendar ?*, 9328, was in error by 6 units, or 24 miffutes of timo. 

B. The exact tithi (t) by the First Arya-Siddhnnta. — We first chock the mean anomaly of 

tho sun, c. 0?u* preliminai*y work shewed this to he, in thousandths of tho circle, 332. Table 
XDV11IA, col. 3, shews that at 10 h. 55 m. after mean sunrise tho moan anomaly was, in ten- 
thousandths, 3322*1148. Deduct by Table XLT.V flui Bun's mean motion during 10 h. 
11-4074, and during 55 m. 1*0457, total 12*4531. 33221148 — 12*4531 = 3309*6617. This is 

the # exact mean anomaly of the sun, 0 , at moan sunrise. If wo work by tho simple Table VII 
of the Indian Calendar and take the c in thousandths as 331, we soo that equation c would 
remain unchanged at the value 7. Hence, accepting tho values assumed for the moon’s 
mean plaro and equation, we find that, the titbi-index was actually, as found by us, 8808. 

We try this again by the moro elaborate, but more, accurate process recommended abovo 
(§ 247, ii, last pewa.). By Table XLVIIIA, col. 7, we have the equation of tho centre at 10 h. 
55 ni. aftor mean sunrise on Day 20 given as 51*8990 in I0,000ths of tho circle. Tho difference 
in 24 hours had been (day 19) 52*3833 — ( day SO) 51*8996, or 0*4837. A 24tb part of this 
is *02015, the average difference per hour. Accepting 10 h. 55 in. as 11 h., we have for 11 li. 
the difference (*02015 x 11)*2216.# Call this *222 and add it to 51*8996. Kesulfc gives tho 
equation of the centre at mean sunrise 52*1216. Then 60*4 — 52*1216 = 8*2784, the vaflie of 
equation c. This is over 8, and hence we find that tho former valuation 7 is incorrect, and that 
the tithi-index at mean sunrise was really 8809, not 8808, by tho Arya-Siddhimta. But we 
have : Iso found out a little more regarding the nakshatra-index, n. s was found to )>e really 
528*4295 ; and if we substitute the full value of equation c , viz. 8*2784, for the value found by 
the original calculation, viz. 7, wo have, for the tithi-index 

a . 8541 

Equation b . 260 

Equation • 8*2784 



/ — . 
Add (# *^= ) 



8809*2784 
528 4295 



n = 



9337*7079, or, say, 9333 in whole numbers. 
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Tlitn tbe mal na1isbatr.a*index, n, was 9338, and onr Indian Calendar process with result 
0328 jiuldod a result iu crri>r by 10 unit*, o:’ 39 iftinnteB of time. 

(ii) Jig the Stityu-Si'ldhiintii . — Uy Table X I j V 1 1 1 B , col. 3, we have the sun’s mem 
ano only c at 12 h. 41 in, after menu sunrise = 3341*6212, iu ten thousandths of tho circle. 
Deduct for 12 h. 13*08 ^9 nnd'for it in. 0*836.) {Table XIjIY) for the sun's mean motion, total 
1 4*5254. 3341*6212 — 14 5254 == 3327 0358. This was the sun’s mean anomaly at mean 

.suur se. CaUing tliis 333 ami consulting Indian Calnnlat Table VII, we should' raise equation c 
in our original work from 7 to 8. 

Again wo test th ; s by the ino-c accurate process. Tho equation of tho centre on the given 
clay 12 h. 4 1 rn. after mean sunrise was (Table XLV Illli^ col • 7 ) o2*3475. fc The same for the 
previous day was 52*8500. Differe nce = 0 5025. Divided by 24, this gives an average difference 
per hour of 0 02034. Taking 12 h. i t m. as 13 b. and multiplying, we have 0*27224.' Add 
0*2722 to the equat'd! of tho day, 52*3475, and we find as tho equation of the centre at mean 
sunrise 52 6197. 60*4 — 52*6179 = 7 78U3. II nice equation c in the original calculation should 

certain] v have been 8, and not 7. 

Lastly we substitute the newly found values as before, for Indian Calendar calculation*, 

*• * ... * 
having been already determined t*> have been at mean sunrise by this authority 526*2101. 



a 



Kq nation l» 
Kq nation <■ 



8511 

260 



i t 



Add 






8803*7803 
526 2164 






9334 9967 sav 9335. 



This is ns near as we can get to the true nakshatra-indox at mean sunrise. It differs by 
7 units from the Indian Calendar value, which was 9323, or by 23 minutes of time. 

(iiD Allmvanrt* fur the shift in t hr sun's perhyee-pnint when working by the. Surya m Siil~ 
dhdnta . — I have show i below ($ 254) that, for calculation of the tithi, nakshat-a, or lagna, this 
shift in the apsis rnav well be ignored ; but in case any one should desire to take notice of it 
I have? tailored a Table (p. 12 below), giving its exact amount, its effect on our inscription-date 
Ls as follows. Table XLV111B is calculut* d f *r about A.D. 1400. The year of our inscription 
is A.D. 1490.% 90 years after A.D. MOO the pong* e-point had advanced {see Table) 0*0806 from 
the position we assumod for it. llcnce tho sun’s mean anomaly at mean sunrise of our date was 
not. as already found, 3327*0958, but this amount loss 0*0806, or vas actually at 3327*0152. 
96 years earlier than A.D. 1400 it would have been 3327 0953 plus 0 0806, or 3327*1 764. 
Hut this change would have only an infinitesimal effect on tho equation of the centre, or, in 
consequence, on the sun’s true longitude, or on tho calculated values of tfhe tithi, nnkyhatia, or 
lagna. 

i 

C . The Yotja , by either Siddhant <t. — The for nula for this is 2 s + i, and, as the value of $ 

* 

has bten corredly found by the above process, us further romai'k is necessary, 

J). Th* latfna , (i) by the A ••ya- S iddhitnia * — For this we have to find the correct value of 
l at mean sunrise in degrees, etc. JBy Table XIiVIIlA, ixd. 6, the * for the day was in our 




n 



No. 1.] THE TRUE LONGITUDE OF THE SUN IN HINDU ASTRONOMY. 

example above 19° 27 f 52"*27. Deduct ( Tables XLlX , L) for, on day 20, 10 hours 24' 12" 29, 
and for 55 # minutes 2' 15"’52, total 26' 27'*S1. Then the s for moan sanriso was 19° l' 24' r, 46. # 
Thia was the true sun’s longitude at that moment on the meridian of Ujjain. The given 
lagna wai the sign Mithuna. The first point of this is 60°, the last 90°. We take the 8 as 
19° which is sufficiently exact for ordinary purposes. 60°— 19°=41°. 41x4 = 164 m., or 

2 h. 44 m. (90° — 19°) x 4 = 284 ra., or 4 h. 44 m. The first point of Mithuna was 41° distant 
from the true sun at the momont of mean sunrise, tho last point 71°. Mithuna was lagua 
between 2 h. 24 m. and 4 b, 44 m. after mean sunrise on the given day. 

(ii) By the Surya-Siddhanta.—s— (Table XL VII IB) 19° 27' 28**80. Deduct for 12 
hours ( Tables XLIX , L) 29' 2**74 and for 44 minutes 1' 48**42, total 30' 51^ 16. Remainder, or 
$ for sunrise, 18° 56' 37"-64. Wo may call this 19°, and come to the same result as in tho 
former case. The lagna of Mithuna really began twelve seconds later. 

(iii) By the Indian Calendar process, and for both Siddh&ntas . — Hero 8 was found to be 
in temthousandths, 520. Converted by Tablo VTIIB, this =18° 45'. This waB the sun’s true 
longitude at mean sunrise. Tho differonco between the actual time of the lagna of Mithuna 
and that found by the Indian Calendar is slight. 

More accurately worked, tho first point of Mithuna was lagna by tho Arya-Siddhdnta at 
2 h. 43 m. 56 s., by the Surya-Siddh&nta 2 h. 44 m. 16 and by the Indian Calendar 2 h. 
45 m., after mean sunrise on the day in question. 

Construction of the Tables . 

A detailed explanation is hero given of the construction of the principal Tables, in order 
to satisfy experts as to their accuracy. 

# 249. The Hindu Sine-Table. — Tho Surya-Siddhanla (ii, 34) gives in minutes tho sines o*f 
a series of angles, each separated from the other by 3° 4.V, twenty-four of these completing tho 
quarter-circle of 90°. These values stand, so far as T can ascertain, for all Indian authorities 
except the Brahma-Siddhanta , which assumes different sine- values. There is no need hero to 
discuss their exact accuracy, as I am concerned solely with clironograpliy as the handmaid of 
history, and havo nothing whatever to do with the casting of horoscopes or any other branch of 
astrology. The sines, as used in calculations by authorities other than the Brahma- Siddhanta 9 
aro given in Table XLVII, col. 3, and the differences between them, in minutes, in col. 4. For 
astronomical purposes the several angles are angles of a planet’s mean anomaly, and are 
so applied to tho mean anomaly of both sun and moon. 

250. The equation of the centre.— For the preparation of the sine and equation Tablo 

(XLVII) the equation of the Hun's centre for each basa-anglo of anomaly has been calculated 
from its sino-v&luo by tho proper formula for each Siddhlnba , the calculation being carried to nine 
decimals of a second, in ordor to insure absolute accuracy for the tabulated two decimals. 
The details for the First Arya-Siddhanta (Table XLVII , ools. 5, 6 ) are complete in them- 
selves; details for the other authorities aro given in full in a supplementary Table (X LVIIA). 
Table XLVII differs a little, but only in one or two places, from Jacobi’s 'Fable XXIV ( Mlpig . 
Jnd. /, Z59) ; I have, however, thought it advisable to record two decimals of seconds in all 
cases. • 

% 

251. Equation of centre. — In Hindu astronomy tho sun is treated as a planet, and in all 
planetary movement a fundamental principle (Jacobi, Epig. Ind. /, 441) is contained in the 
proportion sin. equation : sin. mean anomaly :: minutes in tho epicycle : minutes in the orbit. 
The minutes in the sin. anomaly are given in Tablo XLVII ; the minutes in tho epicycle are 
ascertained from statements made in each Siddhanta ; the minutes in the orbit of 360° are 



o 
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— ..... . .... ..... A 

always 21600'. The formula then for all authorities, <* being the angle of mean anomaly, is : 

m 

„ t , minutes in epicycle ^ „ 

Equation centre 1 = ^1606^*^ — “ — * X 8lIlf 



252 A. The First Arya-Siddtonta gives for the dimension of the epicycle 13° 30' or 810'. 

Hence by that authority : — 

p . . 810 ■ „ 3 . 

Equation centre = Bin. ~ sin. 



21600 



80 



Since there are 3° 45' between each base-angle, the difference in minutes between each is 225', 
and the measure of first or average difference of equation for each intermediate minute of 
anomaly is the difference between two consecutive equations divided by 225. Taken in seconds, 
this difference is given in col. 6. Multiply the minutes of diffeience between the base-angle 
and the given anomaly-angle by the amount given in col. G, and, taking tbo result in seconds, 
apply it to the base-equation, and yoti have the oorreot equation for the given anomaly-an£le. 

For an example take the 2nd and 3rd sines. The 2nd sine, i.e. of anomaly-angle 7° 30', is 
449'. Multiply by 3 and divide by 80. Result 0° 16' 50"*25. 



The 3rd sine, of anomaly 11° 15', is 67 1'. Multiply by 3 and divide by 80. Result 
0° 25' 9 V# 75. 

The difference botween tlie two results itf 8' 19**50. This is the total difference in 225', 
which is the difference between the two anomaly-angles. 8' 19**50 divided by 225 gives for each 
minute of angle the increment 2**22. 

B. Equation of the centre by the Stirya-Siddhanta . — This calculation is made on tho same 
fundamental principle. 

The Surya-Siddhanta (cf. Jaoobi, above , J, 441) assumos a contraction of the epicycle 
amounting to 20' at the end of each of the odd quadrants. If this contraction at any point is 



called g, we have q : 20' : : sin. a : sin. 90°. g = 20 575V Bin. 90°= 3438' (see Table XLVII )„ 

sm. 70 



°0' 

Honoo ,= - 3 ;. j8 ; »i». «. 



The 8 Urya-Siddfulnta, gives for the dimension of the epicycle 14°. 



14' 



Hence the formula for the equation without the contraction would be orj7j7 B * n - “• With the 



contraction it is 



14' 

360' 



sin. a — 



20 ' 

3438' x 21600' 



sin.* 



*; or, finally^- sin. 



• ft 

pm.- ol 

3713040 



The best authorities agree that this is the correct formula. 

Each equation for the Bovorul base angles has been calculated by this formula and fully 
worked out for nine decimals of a second. Tho results are given in full in Table JCLVIIA, 
col. 7, and iif abbreviated form in Table XLVII, col. 7. Tho difference in equation per 
minute of anomaly -arc has been calculated by dividing the difference befcweeu consecutive 
base-equations in minutes by 225, and taking the result in soconds. This is tabulated in 
full in Table XLVIIA, col. 8, and in abbreviated form in Table XLVII, col. 8. , 

263 O. Equation of the centre by the Second Arya-Siddhninta and Siddh&nta~&irnmani.^* 
The same fundamental principle holds good. The epicycle is ( Epig . Ind . /. 341 ) 13° 



1 When an angle it very small, os \n the case with even tho greatest of the equation- angles, which is only about 
2° 10', the sine is taken to be eqnal to the arc. Hence the presumed equality in tho text of “sin. equation 99 
a nd “ equation centre. ' Table XLVII shews that the sine of 3° 45' is 226', the same as the arc. The sine of 1* 
is 60'* also the same as the arc. 
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40' or 820'. There is no contraction. Minifies in the orbit, 21600'. Hence the equation is 
821) Bin. a , or sin. a - The en fri©s are made in abbreviated form in Table XLVII, 

cols. 9, 10, and in full in Table XLVIIA, cols. 9, 10. 

254. The sun’s mean anomaly , and the starting-point for its valuation. The sun’s daily 
mean motion, i.e. his mean motion in 24 hours, is given according to the several Hindu 
authorities in Table XLIII, so that, given his exact mean place at the moment of true Mesha- 
samkranti when tho true snn Was at 0°, his mean position at tho end of every 24-hour period 
is obtained by simple addition. We must, therefore, fix with groat care tho valuo of his mean 
anomaly when the true snn was at 0°. 



(i^ By the First Arya~Siddhdnta* — S. B. Dikshit’s valuation of tho equation by this 
Siddhanta, 2° 6' 59**9421, was a trifle too great. Dr. Schram’s, 2° 6' 57**323496, is exact down 
to the fifth decimal. M. de Kies with almost painful accuracy has carried it as far as sixteen 
decimals of a second. Tested by the sino-tablo, his valuation is found oxact. Tho equation 
(I give nine decimals of a second, the amount which I have generally used in those calculations) 
is + 2° G' 57**323494885, or, in 10,000ths of the circle, 68*775644170. This is correct for 
the corresponding mean longitude value 357° 53' 2 ¥ *67650511^, or 357° 53'*044608419, or in 
10,000ths of circle 9941-224355830, the two added together amounting to exactly 360°. Thus, 
the perigeo-poinfc of the orbit being by this Siddhanta fixed at 258°, or, in lC,G00ths of tho 
circle, 7166*6, wo have found the sun’s mean anomaly at true Mosha-saihkranti to have been 
99° 53' 2"*676505115 or 99° 53'*044608419, or in ten-thousandths of the circlo 2774*557689163 
(i.e. 9941*224355830 — 7166*6). This then is our starting-point for cols. 2, 3, 4, 5, of Table 
XLJTIIIA. 

(ii) By the Tresent 8urya*Siddhanta.'-~’li\ this case we hnvo to deal with an authority 
which postulates a slight movement iu tho line of apsidos of tho sun’s orbit, the apogee 
and peri gee- points moving eastwards at the rate of CT*1161 per ann. ; and before working for 
a correct valuation of the sun’s mean anomaly at feme Mosha-saihkranti in any yoar, wo 
have first to decide which year to select as base of operations. 1 havo chosen the year K. Y. 
4500 or A.D. 1399-1400, roughly A.D. 1400, for reasons which follow. Tho period covered 
by Indian Epigraphy, the historical period, that is, of Indian History, may be taken as the 
period K. Y. 3500 to 5000, A.D. 400 to 1900, or tho last 1500 years, tho bulk of the inscrip- 
tions belonging to the last millennium K. Y. 4000 to 5000 or A.D. 900 to 1900. I take 
the oentral year of this millennium as my base. In K. Y. 4000 tho porigoe-point was at 
257° 15' 32**4, and in K. Y. 5000 it was at 257° 17' 28**5. Hence in K. Y. 4500, nay.A.D. 
1400, it was 257° 16' 30* 45, or, in 10,000ths of tho circle 7146*53125.1 Tho difference m 
the sun’s equation of the centre aud true longitude, caused by this shift of the apsis, is 
exceedingly small and may well be ignored. 

For we are concerned only with tho period A.D. 400 to 1900 ; and calculation by tho 
equation- table on the valuo of the sun’s mean anomaly at the boginning of the Hindu selar 
year A.D! 400-01 and at tbq beginning of A.D. 1900-01, allowing for the shift of the perigoe- 
point, proves that the total difference in the equation in the whole period of 1500 years 
was 1**0739. This constitutes also the total difference in the sun’s true longitude, which is 
his moan longitude ± the equation, the mean longitude remaining tho same whatever may bo 
the shift in the lino of apsides. 

To assist those interested, however, I append a Table shewing tho cumulative change of 
pasition of the apsid&l points. 

1 Actually, for nine decimal*, 7140*531250000 
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The annual shift is a forward one, and, as |he longitudo of perigee increases, so the mean 
anomaly decreases. Hence for years earner than K. Y. 4500, A,D. 1400, the amounts entered 
in col. 3 must he added to, and for years later deducted from, the sun’s mean anomaly as found 
by calculation. 



* S* 

Change of position of sun's apsidal points according to the Present S&rya-Siddh&nta. 



No. of 
Year#. 


II 

II 

Change* 


No. of 
Years. 


Change. 


No. of 
Year#. 


Change. 

* 


1 


- »- -* ■ - - - 

2 


3 


1 


2 


3 


1 


2 


3 

r . . 




* 


lO.OOOths 
of circle 


I 


ft 


lOJOOOths 

of circle 




t s 


• 

10 % 000ths 

of circle 


i 


01161 


0-0009 


10 

1 


1*161 


00090 


100 


0 11*61 


0 0896 


2 


0-2322 


0-0018 


20 


2-322 


00179 


200 


0 23-22. 


0-1792 


3 


0-3483 ' 


0-0027 


* 30' 


3-483 


0-0269 


300 


0 34-83 


0-2687 


4 


0-4644 | 


00036 


40 


4*644 


00358 


400 


0 46-44 


0-3583 


5 


0-5805 


00045 


50 


5-805 


0-0448 


500 


0 58-05 


0-4479 


6 


0-6966 


0 0054 


60 


6-966 


00537 


600 


1 9-66 


0-5375 

♦ 


7 


0-8127 


00063 


70 


8-127 


00627 


700 


1 21-27 


0-6271 


8 


0-9288 


00072 


80 


9-288 


00717 


800 


1 32-88 


0-7167 


9 


10449 


0-0081 


90 


10-449 


0-0806 


900 


1 44-49 


0-8062 












. . . - - 


1000 


1 56-1 


0-8958 



255. Dr. Schram’s valuation of the equation of tho centre according to the Arya-Siddhanttt 
was proved to be so accurate that wo need not have any hesitation in accepting his similar valua- 
tion af the same by the Siirya- Siddhdnla. He fixes this for K. Y. 4000 as 2° 8' 18 V *472169, 
wand for K. Y. 5000 as 2° 8' 19^1842321. The equation, therefore, in K. Y. 4500, the 
base-year o£ my Table, was 2° 8' 18**828200553, or in ten-thousandths of the circle 
59*404538584. 

r 

The sun’s mean anomaly at the moment of true MSsha-samkranti is 360° less the combined 
longitude of perigee and equation of centre, or 360° — *• (257° 16' 30**45 + 2° 8' 18**82$200553). 
The mean anomaly was therefore lO0° 35' 1CT721 799447, or 100* 35' jL 78696657, or in ten- 
thousandths of the circlo 2794*064211415. This is the valuation which I have adopted for 
the starting-point for cols. 2, 3, of Table XLVIIIB. 

The sun’s mean longitude at the same moment, true MSsha-samkrinti, is his mean anomaly 
plus the longitude of perigee, i.e. 100° 35' 10"-721799147 + 257° 16’ 30**45. It was, therefore, 
357° 61' 41**171799417, or in ten-thousandths of the circle 9940*595461415. Tq^le XLVIIJB, 
pels. 4, 5, start from this point, 
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256. In calculating tho true Bun's correct Jongitudo and equation for each day for the 
preparation of Tables XLVIIIA and B I have obtained tho equation by using the first or 
average difference in seconds as given in Table XL VII, cols. 6, 8, for *oacb minute of anomaly- 
angle between the bnse-anglo of the Table and the given angle, in the belief that this represents 
the practice of the Hindus in bygnne centuries. It is possible to calculate with still greater 
minuteness. We might perhaps be able, by use of some complicated formula, to find out a 
more exact value of the difference in seconds applicable to the anomaly-angle under considera- 
tion ; but this system would be so troublesome that it may be reasonably assumed to have never 
been adopted. 

256 a. An example will best illustrate how each calculation for the 24-hour periods given 
in Tables XLVI1I aud XLVIIIA was made. The value of the equation is based on the angle of 
mean anomaly, c, given in ool. 2. The base-equation used is that for the base-angle next lower 
in tho sine-table (XLVII y col. 5 or 7), the inclement in tbo equation for the difference in angle 
between the base-angle and the given anglo of anrtmaly being found by multiplying that differ- 
ence in minutes and decimals^ the amount given (col. 6 or 8) in seconds (this being the equa- 
tion-difference per minute of anomaly-difference). The increment is added to or subtracted from 
the base-equations according as t.ho consecutivo base-equations are increasing or diminishing, Tho 
result is the exact equation for the given anomaly-angle, and this is entered in Table XLVIIIA 
or B f cols. 6, 7. This equation is added to or subtracted from tho meau longitude of the 
sun (Table XLVIIIA or B,cols. 4, 5), and the result is the sun's true longitude, s (cols. S, .9). 
Tho heading of the sine-Table ( cols . 2, 11) shews whether tho equation is plus or minus. 

For an example I tako Day 27 and work by tho Arya-Siddhanta , using only the number of 
decimals given in my Tables. 

Moan anomaly (Table XLVIIIA , col. 2) . . . . 126° 29'72124 

Next-lower base-anomaly (Table. XL V1I 9 col. 2 ) . . —123 45 

t 

Difference ....... 2" 1 44'- 72121* 



2° 44'= 16 V. The multiplier per minute of difference is (col. 6) l v- 31. 

164'*72124xl"-31 =215-7848244. 215"=3'35". Honce 

Baso oquation for anomaly 123° 45' (Table <XTjVII, col. 5) 1° 47' 12"-75 

Difference in cqnation above found, deducted since the 

values in col. 5 are diminishing .... - 3 35*7843244 



Exact equation for given anomaly 



1° 43' 36'-9651756 



Sun’s mean longitndo (Table XLVIIIA, cal. -i) 
Equation found (for sign column-heading ) 



24° 29' 43 " 27 
+ 1 43 36 97 



Exact value of sun’s true longitudo, s ... . 26° 13' 20"-24 

* 

This is converted into 10,000ths of tho circle by Table XLYA f and both values are entered in 
cols. 8, 9, of Table XLVIII. Work by the other Sildhdntas is procisely the same, the baso- 
oquations and multipliers being used, each sot for its own authority. 

In this way every figure of equation and true longitude has been worked out for every 
day of the year. 
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# 

In applying these results to inscription-dates we calculate the t for mean snnriso as 
described above, § 238. 

p 

If anyone should wish to calculate with a greater number of decimals than the four given 
in the principal Tables he oan work as follows. In § 254 above I have given by both tho 
Siddluinlas , with nine decimals of a second, the exact mean anomaly of the sun and mean 
longitude at true Mesha-samkr&nti each year. Add for the intervening days, i.e. from the day on 
which Mosba-samkranti occurred down to the day in question (included), the quantity obtainod 
by multiplying the figure given for one day in Tablo XLIII by tho number of intervening days. 
This gives, with eight decimals of a second, the value of mean anomaly and mean longitude for 
the day. In calculating for the equation note that the base-equations aocording to the Arya- 
BiddMnta are complete as given in Table XLVII. They are given in full for tho other author- 
ities in Table XLVIIA. 
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TABLE XLIII. 



Mean motion of tub son in the Ecliptic 
according to the several Hindu astronomical authorities. 

i* 

(Details worked out by M. Louis de Ries.) 



" a 

■53 

H*S 

.ST'. 

CA ►> 

■ "W — 

O A 
© c 


r 

Hindu authority. 




Per Day of 24 hours. 


9° *— « £• 

§> § 
cX g 

& . 










• 




Purls of degrees. 


10,000th» of 
circle. 


5, 6 


Original Snrya-Siddhdnta. Utpa- 
la’s J?aulii<i m Siddhdnta . 


* n 

69 8-16961,948 


2737785,2002 


7 


First Arya-Siddhdnt<* 
Aryabhafiya ). 


(the 


69 817029,407 


27 37785,72&7 


8, 13 


Brahm&-Siddhd nta* Siddhdnta- 
Sirdmuiii. 


69 8 17265,615 


27-37787,5426 


9 


FaraJara-Siddhdnta • 


• 


59 817013,607 


27 37785,5993 


V 


JTrytt-fcVidrfAafita . 


• 


69 8*17019,063 


27*37785,0479 


11 


Rdjamrigdhka . . 


• 


69 8-17019,064 


27*37785,0409 


12 


Present Sttrya-StWrfAtfiiGa (ten/ A 
or u*i/Ao«/ /As At?a). 


69 8*16956,652 

; 


27-37786,1616 




Hindu author! fy. 


Per minute. 


« 






Parte of degrees. 


] O,000ths of 
civile. 

1 

\ 


6, 6 


Original Siirya-Siddh anta* 
la*B Fauli$a»Siddhdnta . 


Utpa- 


* 

2 46400,0680 


011901,2397 f 


7 


First Ary a * Sid d hunt a 

Aryabha(iya ). 


(the 


2-46400,7149 


0-01901,2401 


*,13 


Brahma- Siddhdnta, Siddhdnta- 
6 in omani. 


2-46400,8788 


001901,2414 


9 


Paratiara-Siddhdnt* * • 

• 


• 


2-46400,7039 


001901,24000 


10 


Ary a- Siddhct nt a • 


• 


2-46100,7083 


0 01901,24003 


11 


BdjavnHg&hk* . • 


• 


2-46400,7077 


0-01901,24003 


12 


Present SHrya-Siddhdnta 
or without the by a). 


{with 


2-40400,6636 

« 


0-01901,2397 

i 

1 



Per Hour. 



Parts of degrees. 


10,000th» of 
circle. 


■ 

2 27*84040,081 


1 14074,3833 


2 27-84012,892 


1*14074,4050 


2 27-84052,989 

• 


1-14074,4829 


2 27-84042,236 


1 14074,4000 


2 27-840 12,498 


1 14074,4020 


2 27*84012,401 


11 4074,4017 


2 27-84039,819 


1-14074,3813 


Per second. 


Parts of degrees. 


lO.OOOtll. of 
circle. 


V 

0 04106,6778 


1 




0 041 06,67sG 




1 


0 04106,6813 






004106,6784 




*0-00031,6873 


0 04106,6785 






0*0*1106,6785 


! 




0 04100,6777 


j 

j 
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EP1GRAPHIA INDICA. 



[Vov XIV. 

* 




TABLE XLIVA. 

Longitude op Sun’s apsis (perigee) and equation of centre 
,* at difTea’ent millenniums, according to ill© Hindu staudard authorities, 

[Position of apsis is given according to Jacobi> Epig. Ind. 1, 440 f 450 ; the equation has been 

calculated by Pr. Schram . j 
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KPIGHAPHIA INDICA. 



[Vqj,. XIV. 



TABLE XLV A. 

Fon cony fusion op niOTtKES, minutes and seconds into mkabitiikwent by IO.OOOths op Trig cibclb. 





"IT- T“:_ JZ- 

])R(iUK>:s (°) . 








Minctk* ('). 




8KOOSDH ("). 


1 Decimals of 

| HECOMDO ("). 


No. 


o» 

g.g 

o o 

r-i 


No. 


IO.OOOths 
of circle. 


No. 


IO.OOOths 
o£ circle. 


No, 


lO.OOOthe 

of circle. 


No. 


10, OOOth H 
of circle. 


No. 


IO.OOOths 
of circle. 


No. 


IO.OOOths 
oi circle. 


No, 


IO.OOOths 
of circle. 


1 


27 ’7 


40 


]277 7 


91 


2527*7 


1 


0*4G2« 


81 


14-3518 


1 


0*007,710,049 


31 


0*230,197,531 




0 000,771,606 


2 


65 '5 


47 


13c 5-6 


92 


2555*6 


2 


0-925 


32 


14*814 


2 


0*016,432,099 


82 


0*246,913,680 


0*2 


0 001,543,210 


31 


833 


48 


1333*3 


98 


2683*3 


3 


1*38 


33 




3 


0*023,149 


33 


0*264,629 




0‘002,8i48 


4 


.mi 


49 


1301*1 


94 


2611* 1 




. » * 
1*861 


34 


15-740 


4 


0*030,804,107 


34 


0*202,345.070 




0*008.086,420 


6 


138 '8 


60 


1388-8 


96 


2038 8 


5 


23148 


35 


162037 


5 


0*038,580,247 


35 


0-270,061,729 


0*G 


0003,858,026 


6 


18rtV» 


M 


1416-0 




200G*G 


ES 


2*7 


36 


166 


6 


0*040,29 


36 


o-27 


0*0 


0004,639 


7 


1044 


r>2 


14W‘4 




2G94-4 


7 


3*2407 


37 


171290 


7 


0*054,012,8*16 


37 


0*285,493.827 




0 0u5,401.235 


8 


222 2 


63 


1472 2 


98 


2723-2 


R 


3-703 


38 


17592 


8 


0*061,728,305 


38 


0‘293,20i.877 


0 8 


0006, 172.840 


• 


250 


54 


1500 




2760 


9 


416 


39 


18-05 


9 


0‘0094 


39 


0*300,925 


00 


0*000,94 


10 


277 7 


65 


1627*7 


loo 


2777-7 


10 


4*629 


40 


18-518 


10 


0077,100,404 


40 


0-308,041 ,075 






11 


306 f. 


60 


1655*6 




3055*5 


11 




41 


189814 


u 


0-084,876,543 


41 


0*310,358,025 






Ea 


333 3 


67 


1583 S 


120 


3333 3 


12 


6-6 


42 


19*4 


m 


00925 


42 


0*324,07 






13 


sori 


68 


I6ii-i 


130 


36 1 1 * 1 


*13 


6 0185 


43 


19*9074 


13 


0-300,308,642 


43 


0*331,790.124 






14 


38H*H 


69 


1638*8 


1 to 


3888-8 


14 


6'48i 


44 


20*370 


14 


0- 108.024,691 


44 


0-339,500,173 






15 


416 6 


60 


1606 6 


150 


41060 


16 


6*94 


45 


20-83 


16 


0-115,740 


46 


0-3472 






10 


444*4 


61 


1004-4 


160 


4444*4 


10 


7’ 407 


46 


21*200 


10 


0*123,450.790 


40 


0-364,038,272 






17 


472*2 


62 


1722 2 


170 


4722 2 


17 


7-R703 


47 


21*7592 


17 


0-131, 172,840 


47 


0*362,654,331 






18 


600 


63 


1750 




5000 


18 


83 


48 


222 


18 


0 138 


48 


0370 






19 


627*7 


64 


1777*7 




6277*7 


19 


87962 


49 


22 0861 


19 


0*146,004,938 


40 


0-378,080,420 






20 


666-6 


G5 


1605-5 


200 


5556-5 


20 


9*269 


50 


23*143 


20 


0 154,320,088 


50 


0*385,802,409 






21 


682*3 


GO 


1833 3 


210 


6833'3 


21 


9*72 


51 


23*61 


21 


0*162,037 


61 


0*393,618 






22 


eiri 


67 


3861 1 


220 


6111*1 


22 


10M86 


52 


24 074 


22 


0*160,763,086 


62 


0**101,234,568 






23 


03b*8 


f8 


1HS88 


230 


6388*8 


23 


10 fiisi 


63 


24-6370 


23 


0*177,469,186 


53 


0*408.960,617 






24 


060-5 


09 


1916*0 


240 


6060*6 


24 


iri 


64 


26 


24 


0*186 


54 


0*416 






25 


694*4 


70 


1944*4 


260 


6014-4 


25 


11*6710 


65 


25*4029 


25 


0*192,901,235 


55 


0*424,382,716 






2« 


722*2 


71 


1972*2 




7222*2 


26 


12 037 


56 


25 925 


20 


0*200,617,284 


56 


0*432.008,765 






27 


760 


72 




270 


7600 


27 




67 


26 38 


27 


0*2083 


67 


0*439,814 






B 


777*7 


73 


2027*7 


280 




29 


12 902 


59 


26-851. 


28 


0*210,049,383 


56 


0 417,530,804 






29 


806*6 


74 


2055*6 


290 


8055-5 


29 


13*4269 


59 


27*3i48 


29 


0*223,765,432 


50 


0-455,240,914 






ao 


833*3 


76 


2083*3 




8333*3 


30 


13*8 * 


60 


27*7 


30 


0*23i,48 


00 


0*4029 






31 


861*1 


76 


2111-i 


310 


8611-1 






















32 


888 8 


77 


1 2138*8 ‘ 


320 


8888*8 






















3 if 


91 or. 


78 


2106-6 


330 


9106*6 






















34 


044*4 


70 


2101*4 


340 


9-1444 






















86 


972*2 


80 


2222-2 


350 


9722*2 














« 








80 


1000 


81 


2260 


360 


10.0CO 






















27 


1027 7 


82 


2277 7 


























28 


1056 5 

t 


83 


2305-6 




















1 






89 


1063-3 


84 


2333*3 


























□ 


1111*3 


85 


2361*i 


























41 


1 1 Sh*h 


86 


2388 8 


























42 


2160*6 


87 


2416*6 


























43 


11044 


88 


2444*4 


























44 


1222*2 


89 


2472*2 


























46 


1250 


90 


2500 

< 












1 












' 



















No. THE TRUE LONGITUDE OF THE SUN IN HINDU ASTRONOMY. 



TABLE XLVB. 



For CONVERSION of MEASTTRBMHWT BY IO/*00tuS OF TIIE CIRCLE INTO MEASUREMENT BY OIGRVIC*. MINTTTKf 



and seconds ( 



lO.OOOthe 
of circle. 



1000 

2<>00 

3000 

4000 

r .000 
600' 1 
7000* 
8000 
0000 
10,000 




e , I lO.OOOtlw 

1 of circle. 



, I io,ooothH 

I ol circle. 



36 0 
72 0 

108 0 
144 0 
180 0 
216 0 
262 0 
2S8 0 

3-4 O 
300 0 



100 

200 

300 

400 

600 

600 

700 

800 

000 

1000 



3 30 
7 12 

10 46 
14 24 
18 0 
21 36 

26 12 
28 48 
32 24 
36 0 



Decimals of units. 

(10,000th* of v\rc\c.) 



Unit. 



/ 


n 


Unit. 


tr 


0 


12 90 


0*01 


1 200 


0 


26*92 


0*C2 


2*602 


0 


38*88 


0 03 


3*888 


0 


61*84 


0*04 


6*1«4 


1 


4*80 


0*05 


6*480 


1 


1776 


006 


7*776 


1 


30*72 


0*07 


9*072 


1 


43*68 


0 08 


10*368 


1 


50*64 


0*09 


11*604 



For every mtccoBsiv© decimal of unit 
ntovo the decimal point of seconds ono 
place to left. 



0 2 9 0 

O 4 10 2 

0 A 28*8 
O 8 .18*4 
O 10 48 0 
0 12 67 6 

0 16 7-2 

0 17 16‘8 
0 19 26*4 

0 21 30 0 

0 23 4tVfl 

0 25 r.o*2 
0 28 48 

0 30 14*4 

0 32 24*0 

0 84 ,13‘ft 

0 36 43*2 
0 38 62*8 

0 41 2 1 

0 43 12 0 

0 14 21 ‘0 

0 46 31*2 
O 48 40 8 

0 50 60*4 

O 54 0 0 

0 50 0*6 

0 68 19 2 

1 0 28 8 

1 2 38 4 

t 4 48*0 
1 6 67-0 

1 0 7 2 

1 11 168 
1 13 20 4 

1 15 30*0 

1 17 45*6 

1 10 65*2 

1 22 4*8 

1 24 14*4 

i 20 240 



lO.OOOths 
of circle. 



1 28 33 0 

1 30 432 

1 33 62*8 

1 35 2*1 

1 37 120 

1 39 21 6 

1 41 31*2 

1 43 40 8 

1 45 60 ’4 

1 48 0*0 

1 50 9*0 

1 53 19*2 

1 61 23*8 

l 60 38*4 

1 68 49 O 

2 O 67 6 

2 3 7 3 

2 6 16*8 
2 7 20*4 

2 0 30*0 

2 11 4.V6 

2 13 55*2 

3 10 4-8 

2 18 14*4 

2 20 24*0 

2 22 33*6 

2 24 43*3 

3 20 62*8 

t 29 2*4 

2 31 12*0 

2 33 21*6 
2 36 312 

2 37 40*8 

1 39 60*4 

2 43 0 0 

2 44 9*6 

9 40 19*2 

2 48 28*8 

2 60 38*4 
2 69 48*0 



lo.oo^ths 

of circle. 



2 61 67 0 
2 67 7*2 

2 59 10*9 

3 1 26 4 

3 3 30*0 

3 5 46 0 

3 7 66 *3 

3 10 4*8 

3 12 141 

3 14 24*0 

3 16 33*6 

3 18 43*2 

3 20 62*9 

• 

9 23 2*1 

3 25 12*0 

3 27 21*6 

8 29 31*2 
3 31 40*8 

3 33 50*4 

3 36 0*0 



39 

40 



79 

80 
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EPTGRAPHTA TNT1ICA. 



[Vol? XIV. 



TABLE XLVI. 

Indices of Naksiiatras and Yogas. 



NiEanATBA, 



— ■- 

u 

Cj 

*J=> 

B 

p 


* 

Name. 


Ending point by the 
Equal-space 
system. 


Etiding point, by the 
system of Garga. 


Ending point by the 
Brabmft- 
Siddhanta. 


f-j 

3 


0 , l 


O,000i hs of 


o , 


LO,OOOfchs of 


. . 

0 t tt 


1 0,000th s of 






Of 


circle. 




circle. 




circle. 


1 


2 


3 


4 


5 


6 


7 


8 


1 


ASvinT* 


13 20 


370370 


13 20 


370-370 


13 10 35 


366-0108 


2 


15liara.ni 


26 40 


740-740 


20 0 


565-5 


19 45 52* 


5490051 


3 


K fit tile a • 


40 0 


uni 


33 20 


925-925 


32 56 271 


916-0270 


4 


R5hinl • 


f>3 20 


1481-481 


53 20 


1481*48i 


52 42 20 


1464*0432 


6 


Mrigasiras 


66 40 


18^-851 


G6 40 


1851 851 


65 52 55 


18300540 


6 


Ai’dra . . I 


80 0 


2222*2 


73 20 


2037037 


72 28 I2h 


20130594 


7 


Puuarvasu 


93 20 


2593 f>92 


93 20 


2692*592 


92 14 5 


2562*0756 


8 


Pushy a 


106 40 


2962-962 


106 40 


2902 -902 


105 24 40 


2928-0864 


9 


Asleshii 


120 0 


3333 3 


113 20 


3148*146 


111 59 571 


3111-0918 


10 


Manila 


133 20 


3703-703 


126 40 


3618-518 


125 10 32* 


34771026 


11 


Purva Phalgutn 


146 40 


4074 074 


140 0 


3888*8 


138 21 75 


3843-1134 


32 


U t tar a Phalguni 


160 0 


4444-4 


160 0 


» 

4414-4 


158 7 0 


43921296 


13 


Hasta . 


173 20 


4814-814 


173 20 


4814-814 


171 17 35 


4758-1404 


14 


Oliitra . • 


186 40 


5185-185 


ISC 40 


5185-i85 


184 28 10 


51241512 


if 


Sviiti • 


200 0 


6565-5 


193 20 


5370-376 


191 8 271 


5307- 1 566 


16 


Visakha . 


218 20 


I 5925-925 


■ 213 20 


5026-925 


210 49 20 


58561728 


17 


Annradha . 


226 40 


6290-290 


226 40 


6296-296 


223 59 55 


6222-1836 


18 


jyeshthi. . 


240 0 


6666-6 


233 20 


6481-481 


230 35 121 


6405-1890 


19 


Mula 


253 20 


7037*037 


246 40 


0851-851 


243 45 471 


6771-1998 

/ 


20 


Purva Asha^ba . 


266 40 


7407-407 


260 0 


7222-2 


256 56 221 


7137-2106 


21 


Uttara^Asliadk* • 


280 0 


7777-7 


280 0 


> 7777-7 


276 42 16 


7686 -2269 




Abhijitf . 


*• • » • • 








280 CG 30 


7803-9352 

• 


22 


* 

Sravapa 


293 20 


8148*148 


293 20 


8148*i48 


294 7 6 


8169*9460 


23 


Plianlshtha or 


306 40 


8518-518 


306 40 


8618-518. 


307 17 40 


8535-9568 


24 


, Sravishtha. 
Satahhishaj or 


320 0 


8888-8 


313 20 


8703-703 


313 52 671 


8718-9622 

1 


25 


Satataraka. 
Purva Bhadra- 


333 20 


9269-259 


326 40 


9074 074 


327 3 32 j 


9084-9730 


26 


pada. 

Uttara Bhadra- 


346 40 


9629-629 


346 40 


9629-629 


>346 49 25 


9633-9892 


27 


pada. 

Revatl • « 


360 


10,000 


360 


10,000 


3G0 


10,000 





Yoga. 


* 

s_ 

o> 

.0 

s 

0 

a 


Name. 


H 

* m 
i_ 

a> 

</j 


* 


9 


10 


1 


«. 

Vislrk&mbha 


2 


Priti 


3 


Ayushmat 


4 


SaubhSgya" 


5 


Sobhana 


6 


Atiganda 


7 


►Sukarman 


8 


Jlh fit i . 


9 


Shi a . 


10 


Ganda 
■ * 


11 


Vpddhi 


I 12 


r>brnva 


13 


Vyagliiita 


14 


Harsh ana 


15 


Vajra 


1 10 


Siddhi, 0 


I 17 


A^rji* 

Vyatipata 


1 18 


Vanyas 


1 19 


Parigha 


I 20 


Siva • 


1 21 


Slddba 


I 22 


» 

S&dhya 


1 23 


Subha 


1 24 


Sukla 


1 25 


Brahman 


I 26 


Indra . 


I 27 


Vaidnrit! 



+2 

a 

Sr 

a* 

t3 



11 






CO 



o 

y 



3 

b- 

a 

bO 

m 

«S 



rS 

a 

0 

0 



U 

J 

a 

cj 

0* 

u 

1 

at 

■a 

Si 

'I 

i 

f 



* o 



ja 

a 

* I 

! ! 
12 



o 

Pa 

bm 

c 

a 

» ^ 
0 
<y 

<i> 

^=r 
Er* 



* A*vini begins at 0° by all systems. . . 

t Though, properly •peaking, there is no Abhiiit In the eaual -space system in 'h r a 7?ma-Sii}dhd nt a , 

referred to as a secondary detail. When this is the cas®, it has the ^ f * ** 

viz. 276° 42' 1B V to 280° 56' 30", or, in 10,000ths of the circle, 7086 2269 to 7803*93&J. 




| Serial number of sine. 
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TABLE XL VII. 

Hindu bines, and equations of bun’s centre. 

N B *. — The sineBj ool.-S, stand, it is belie ved for all authorities except tbo 
XV ‘ Siddhdnta (see Surya-biddJuinta, n 15-2/). 

. ♦ u Baufttion + 99 or ii — ’* means that tVio amount of the equation, added to or 
” subtracted from tho sun’s mean long., gives his true or apparent long. 

m This Table is assimilated to that of Prof. Jacobi (IS pig. Ind. y 1. 459). 

.“First Ary a figures are exact. For fuller details see next^ Table. 
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I 
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[V of XIV. 

TABLE XLVIIA. 



( Supplementary to the Sine and Equation Table) 

Giving fuller details of the entries in Table XLVII, cols. 7, 8, 9, 10, viz. base-equations 
aud differences per minute of arc, for use iu close calculation, according to— 

(i) The Present Surya-Siddhanla, 

(ii) The Second Arya-Suldhanta and SiddhSnta-$irCmani . 
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H.B .— In cnl>9 under " (second*) and opposite tinea Noe. 1, 8. 18, 20, tho last flirure, " -5 
a recurring decimal. 



is not, like tl-.c reft. 




TABLES XLVIII A AND B. 

Elements of the Son's Longitude for the Hindu Solar Year. 

First Arya and Surya Siddhaotas. 
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TABLE XLIX. 

Elements of the Sun’s true Lonoxtude. 



Hours. 

If, B . — Column 1 corresponds to the 24-hour periods, measured from true Mesha- samkranti , entered in Col. 

1, Tables XLVIIIA and B. In the present Table they are grouped in conformity with tlio Hindu 
Sine-Table. .Figures in Columns 4 to 6 give the actual arcs travelled on the ecliptio by the truo sun 
in the given number of hours. For minutes see Table L, following. The Table is exact for tho First 
irja-SIddhinta, but can be used for all the Hindu authorities. 

Grouping of the dope. 

% 

(а) Days 1 to 85 In order, and in reverse order days 80 to 164* 

(б) Days 165 to 267 in order, and in reverse order days 268 to 303. 

(c) Days 363 to 365 aro grouped with Day 1. 

Thi\ arrangement had to be adopted to prevent tho size of the Table being doubled. 



24-hour 
periods 
from tru% 
Mesha- 
samkranti 
(inclusive). 



r 



Arc travelled by true sun 
in 24 hours. 



Arc travelled by truo sun per hour. 




10,000ths 


No. of 


of circle. 


Hours. 



10,000ths ■ 


No. of 


of circle. 


hours. 



«§£!«) • “ «» 



3 to 5 7 

\to 161 j 



0 58 38*01 





10,000ths 
of circle. 



2 
4 
7 

4 ) 0 
12 
6 1 14 
17 
8 [ 19 
22 

10 24 

11 20 
12 29 



26-93 

53-86 

20-79 

47-71 

14-64 

41-67 

8-60 

35-43 

2-36 

29-29 

56-22 

23-14 



26-58 

63-17 

19-75 

46-34 

12-92 

39-50 

6-09 

32-67 

69-25 

25-84 

52-42 

19-01 



11337 

2- 2674 

3- 4011 

4- 6348 
6-6685 

6- 8023 

7- 8360 
9-0697 

10- 2034 

11- 3371 

12- 4708 

13- 6045 



1- 1310 

2- 2621 

3- 3931 

4- 6242 
6-6552 

6- 7863 

7- 9173 
90484 

10- 1794 

11- 3105 

12- 4415 

13- 6726 



5 


31 


50*07 


34 


17*00 


36 


43*93 


39 


10*86 


41 


37-79 


44 


4-72 


40 


31*65 


48 


58*57 


51 


25*50 


53 


52*43 




19*36 


31 


45*59 


34 


12 17 


36 


38*76 


39 


5-34 


41 


31*92 


43 


58*51 


46 


2509 


48 


51*68 


51 


18*20 


53 


44*84 


56 


11*43 




14- 7382 

15- 87)9 

17- 0056 

18- 1394 

19- 2731 

20- 4068 

21- 5405 

22- 6742 

23- 8079 
24 9410 
26-0753 



14- 7036 

15- 8347 

16- 9657 

18- 0968 

19- 2278 

20- 3589 

21 4890 

22 6210 

23- 7620 

24- 8831 
260141 












24-hour 
periods 
from true 
Mesh a - 
gamkrunti 
(inclusive). 



Arc travelled by true sun 
in 24 hours. 




lO.OOOths 
of circle. 



No. of 
Hours. 




6 ? r7 ] 0 58 29*73 

154 to .157 ) 



27*0813 





0 58 21 ’ 45 

150 to lo3 j 



27*0174 





lif&iw} °* 68 1317 26 ' 0635 





Arc travelled by true sun per hour. 



„ lO.OOOths No. of 
of circle. Hours. 



17 

143 



3 To Uo)! 0 58 649 268942 





2 
4 
7 
9 
12 
6 | 14 
16 
8 1 19 
' 21 

10 24 

11 26 
12 29 



26*24 
52*48 
18*72 
44*96 
Ills) 
37 43 
3*67 
29*91 
66*16 
22*39 
48*63 
14*87 

25*89 

51*79 

17*68 

43*68 

9*47 

35*36 

1*20 

27*15 

•63*04 

18*94 

44*83 

10*73 

25*55 

51*10 

16*65 

42*20 

7*74 

33*29 

58*84 

24*39 

49*94 

15*49 

41*04 

6*59 

25*23 

50*46 

15*69 

40*01 

6*14 

31*37 

50*60 

21*83 

47*06 

12*29 

37*51 

2*74 



1*1284 

2-2568 

3*3852 

4*5135 

5*6419 

6*7703 

7*8987 

9*0271 

10*1556 

11*2839 

12*4122 

13*5406 

1*1257 ' 
2*2514 
3*3772 
4*5029 
5*6286 
6*7543 
7*8801 
9*0058 
101315 
11*2572 
12*3830 
13*5087 

1*1231 

2*2461 

3*3692 

4*4923 

5*6153 

6*7384 

7*8614 

8*9845 

10*1076 

11*2300 

12*3537 

13-4768 

1*1206 

2*2412 

3*3618 

4*4824 

5*6030 

6*7235 

7*8441 

8*9647 

10-0853 

11*2059 

12*3265 

13*4471 




41*10 

7.34 

33*58 

69*82 

26*00 

52*30 

18*54 

44*78 

11*02 

37*25 

3*49 



36*62 
2*51 
28 41 
54*30 
20*20 
40*09 
11*98 
37*88 
3*77 
29*66 
55*50 



32*14 

57*68 

23*23 

48*78 

14*33 

39*88 

5*43 

30*98 

56*53 

22*08 

47*02 



31 

33 

30 ‘ 

38 

41 

43 

45 

48 

50 

53 

55 



27*97 

56*20 

18*43 

43*66 

8*89 

3411 

59*34 

24*57 

49*80 

1503 

4020 



10,000tha 
of circle. . 




14*6690 

15*7974 

10*9258 

18*0542 

19*1820 

20*3109 

21*4393 

22*5677 

23*0001 

24*8245 

25*9529 



14*0344 

15*7001 

10*8859 

18*0116 

19*1373 

20*2030 

21*3888 

22*6145 

23*6402 

24*7059 

25*8917 



14*5908 

15*7229 

16*8459 

17*9690 

19*0921 

20*2151 

21*3382 

22*4013 

23*5843 

24*7074 

25*8304 



14*5677 

15*6883 

16*8089 

17*9295 

19*0500 

20*1706 

*21*2912 

22*4118 

23*5324 

24*6530 

26*7730 
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TABLE XLIX—Contd. 



24 -hour 
periods 
from true 
Mcsha- 
BAmkrdnti 
(inclusive). 



Arc travelled by true sun 
in 24 hours. 




lO.OOOths No. of 
of circle. Hours. 





>S S 0 67 ° 7 - 80 



20-8349 






25 to 28 
135 to 138 



8 ) 

38 j 



0 57 50-70 26-7801 






20 to 31 1 
131 to 134 ) 



0 57 43-60 20-7254 






32 4o 35 
127 to 130 



] 0 67 37-10 



26-6752 





Arc travelled by true son per hour. 



24-91 
4!l-82 
14-72 
3903 
4-54 
21)1/5 
54 30 
19-27 
44 17 
1K)8 
33-99 
58-90 

24 01 
49-23 

13- 84 
38-45 

3-06 

27-08 

52-29 

10-90 

41-51 

CM3 

30-74 

55-35 

24- 32 
48 63 
12-95 

37- 27 
1-58 

25- 90 
50*22 

14- 53 

38- 85 
3-17 

27-48 

51-80 

24-05 
48*09 
12-14 
3618 
0-23 
24-28 
48 32 
12-37 
30-41 
0-46 
24-50 
48-55 



lO.OOOths No. of 
of oircle. Hours. 




1-1181 

2- 2302 

3- 3544 
4*4725 
5-59*0 

0- 7087 
7-8208 
8-9450 

10-0031 

11*1812 

12*2993 

13-4174 

11158 

2- 2317 

3- 3475 

4- 4034 

5- 5792 

6- 6950 
7*8109 
8-9267 

10- 0425 

11- 1584 

12- 2742 

13- 3901 

1- 1136 

2- 2271 

3- 3407 

4- 4542 

5- 5678 

6- 6813 

7- 7949 

8- 9085 
10-0220 

11- 1356 

12- 2491 

13- 3627 

1-1115 

2*229 

3*3344 

4- 4459 

5- 5573 

6 - 6688 
7*7803 
8-8917 

10- 0032 

11- 1147 

12- 2261 
13-3376 




31 


23-81 


33 


48-72 


30 


13-02 


38 


38*53 


41 


3*44 


43 


28-35 


45 


53-20 


48 


18-17 


50 


43-07 


53 


7-98 


55 


32-89 


31 


19-90 


33 


44-58 


30 


9-19 


38 


33-80 


40 


58-41 


43 


23-03 


45 


47-04 


48 


12 25 


60 


30-80 


63 


1 48 


55 


26-09 


31 


16-11 


33 


40 43 


36 


4-75 


38 


29-00 


40 


53-38 


43 


17-70 


45 


4201 


48 


6-33 


60 . 30-65 


52 


54-96 


55 


19-28 


31 


12 60 


33 


36*04 


36 


0-69 


38 


24 73 


40 


48-78 


43 


12-83 


45 


36-87 


48 


0-92 


50 


24-96 


52 


49-01 


55 


13-05 



lO.OOOths 
of circle. 
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TABLE XLIX — Contd. 



24-hour 



periods 

from true Arc travelled by true sun 
Mesha- in 24 hours,. 



Arc travelled by true sun per hour. 



samkranti 

(inclusive). 





O 


/ » 


lO.OOOths 
of circle. 


No. of 
Hours. 


/ 


* 

1 


10,000ths 
of circle. 


No. of 
Hours. 


/ 


ft 


10,000th» 
of circle. 


1 


» 


2 


3 


4 


5 

! 


6 


4 


a 


5 


< 


36 to 30 7 

1 O A (a 1 OA 4 


0 


07 3119 


26-6295 


1 


2 


23*80 


1*1096. 


13 


31 


9*39 


14-4243 


to i«o J 








2 


4 


47-60 


2-2191 


14 


| 33 


33*19 


15*5339 










3 


7 


11*40 


3*3287 


15 


35 


66-99 


16-6435 










4 


9 


35*20 


4-4383 


16 


38 


20*79 


17*7530 






1 




5 


11 


59-00 


5-5478 


17 


40 


44-59 


13*8626 










6 


14 


22-80 


6-6574 


18 


43 


8*39 


19*9721 










7 


16 


46-60 




19 


45 


3219 


21081T 






1 




8 


19 


10-40 


8-8765 




47 


56-99 


22*1913 










9 


21 


34-20 


9-9861 


21 1 


50 


19*79 


23-3008 










10 


23 


57*99 


11*0956 


22 


52 


43*59 


24*4104 




i 






11 


26 


21*79 


12-2052 


23 


55 


7*39 


25-5200' 










12 


28 


46-59 


13-3148 










40 to 43 1 

ion * a i oo l 


0 


67 25-27 


26-5839 


1 


2 


23-56 


1-1077 


13 


31 


6*19 


14-3996 


ZjZK) tO l«u j 




1 




2 


4 


47*11 


2*2153 


14 


33 


29-74 


15-507 S' 










3 


7 


10*66 


3-3230 


15 


35 


53-30 


10-0149 










4 


9 


34-21 


4*4306 


16 


38 


16-85 


17-7226 










5 


11 


67*77 


5-5383 


17 . 


40 


40-40 


18*8303 










6 


14 


21-32 


6-6460 


18 


43 


3-96 


19-9379 










7 


16 


44-87 


7*7536 


19 


45 


27-51 


21-0456 










8 


19 


8-42 


8*8613 




47 


51*06 


22-1532 










9 


21 


31-98 




21 


50 


14*61 


23-2609 








- 


10 


23 


56-53 


11-0760 


22 


52 


88*17 


24-3686* 










11 


26 


19*08 


12*1843 


23 


55 


1*72- 


25-4762: 










12 


28 


42-64 


13-2919 










44 to 47 } 

HD i. no i 


0 


57 19-95 


26-6423. 


1 


* 


23 33 


M060> 


73 


31 


3*31 


14*3774 


11 o to ilU ) 








2 


4 


46-66 


2-2119 


14 


33 


26-64 


15-4833~ 










3 


7 


;;fEl 


3*3179 


16 


35 


49-97 


1 0-5893. 










4 


9 


33*33 


4*4238 


W 


38 


13-30 


17-0962 










5 


11 


56*66 


5-5298 


17 


40 


36-63 


18-8012 


• 








6 


14 


19*99 


6*6457 


18 


42 


59*96 


19*907r 










7 


16 


43*32 


7*7417 


19 


45 


23 29 


21-0131 










8 


19 


6*65 


8*8476 


20 


47 


46-63 


22*1190 










9 


21 


21-98 


9-9536 


21 


50 


9*96 


23-2260 










10 


23 


53*31 


11-0595 


22 


52 


33-29 


24-3309- 










11 


26 


16-64 


12*1655 


23 


54 


56-62 


25*4369* 










12 


28 


39-98 


13-2714 










46 to 60 1 

110 ty\ IIK 1 


0 


57 15*22 


265063 


1 


a 


23-13 


1-1044 


13 


.31 


0*74 


14-3676 


Jtl4 W ilO / 








2 


' 4 


46*27 


! 2-2089 


14 


33 


^3-88 


16-4620 










3 


7 




3-3133 


15 


35 


47-01 


16-5665 










4 


9 


32*54 


4*4177 


16 


38 


10*15 


17*0709* 










3 6 


M 


■ZMl 


6-5222 


17 


40 


33-28 


18-7753 










6 


14 


18-81 


HMl 


18 


42 


56*42 


19*8797 










7 


14 


41-94 


7-7310 


19 


45 


19*55 


20-9842' 








! 


8 


19 




8-8354 




47 


42-68 


22-0886 










0 


21 


28*21 


9-9399 


21 


50 


6-82 


23-1930- 










10 


23 


51*34 


11*0443 




52 


28*95 


24-2975 










n 


26 


14*48 


12*1487 


23 


54 


52*09 


25*4019' 










12 


28 


37*61 


13*2532 
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TABLE XLIX — Contd. 



24-hour 
periods 
from true 
Meaha- 
savhkr&nti 
(inclusive). 




4 



Arc travelled by true sun 
in 24 hours. 



Arc travelled by true sun per hour. 






• I 



51 to 54 7 
108 to 111 i 



05 to 58 1 
105 to 107) 



59 to 62 7 
101 to 104) 



63 'to 66 1 
97 to 100) 




* 



o 


/ 


0 


10,000ths 


No. of 


/ 




10,000th* 


No. of 


/ 


a 


1 10,000th» 






* 


of circle. 


Hours. 






of circle. 


Hours. 






of circle. 


2 


3 


4 


5 


6 


4 


5 


a 


0 


67 


10-40 


20-4608 


1 


2 


2294 


1-1029 


13 


30 


58-18 


14*3378 










2 


4 


45-87 


2-2058 


14 


33 


21-12 


15-4407 




j. 






3 


7 


8-81 


3-3087 


15 


35 


44-06 


16-5436 


# 








4 


9 


31-75 


4*4116 


16 


38 


6-99 


17-6466 










5 


11 


54*69 


5-5145 


17 


40 


29-93 


18-7.495 










6 


14 


17-62 


6-6175 


18 


42 


52-87 


19-8524 










7 


16 


40 56 


7-7204 


19 


45 


15-80 


20-9553 






•* • 




8 


19 




8-8233 


20 


47 


38-74 


22-0582 










9 


21 


26-43 


9-9202 


21 


50 


1-68 


23 1611 








' 


10 


23 


49*37 


11-0291 


22 


52 


24-62 


24-2640 




* 






11 


26 


1231 


12-1320 


23 


54 


47-55 


25-3669 










12 


28 


35*24 


13-9349 










0 


57 


6-94 


26-4424 


i 


2 


22*79 1 


1-1018 


13 


30 


56-26 


14 3230 






| 




2 


4 


45-58 


2-2035 


14 


33 


19-05 


154248 










3 


7 


837 


3-3053 


15 


35 


41-84 


10-5265 










4 


9 


31-16 


4-4071 


16 


38 


4-63 


17-6283 










5 


11 


53-95 


5-5088 


17 


40 


27-42 


18-7301 










6 


14 


16-74 


6-6106 


18 


42 


50-21 


19-8318 










7 


16 


39-52 


7-7124 


19 


45 


13-00 


20*9336 










8 


19 


231 


8-8141 


20 


47 


35-78 


22-0354 










9 


21 


25-10 


9-9159 


21 


49 


58-57 


23-1371 










10 


23 


47-89 


11-0177 


22 


52 


21*30 


24-2389 










11 


26 


10-68 


12-1195 


23 


54 


44-15 


25-3407 










12 


28 


33-47 


13-2212 




l 






0 


57 


"3-98 


26-4196 


1 


2 


22 67 


1-1008 


13 


30 


54-66 


14-3106 










2 


4 


45-33 


2-2016 


14 


33 


17-32 


15-4115 










3 


7 




3-3025 


15 


35 


39-99 


16-5123 










4 


9 


30-66 


4-4033 


16 


38 


2-66 


17-6131 








1 


6 


11 


53-33 


5-5041 


17 


40 


25-32 


• 18*7130 










6 


14 


16-00 


6-6049 


18 


42 


47-99 


19-8147 










7 


16 


38-66 


7-7057 


19 


45 


10-05 


20-9155 










8 


19 


1-33 


8-8065 


liliiKLl 


47 


# 33*32 


22-0164 










0 


21 


23-99 


9*9074 


21 


49 


55-99 


23-1172 










10 


23 




11-0082 


22 


52 


18-65 


24-2180 










11 




9*33 


12-1090 


23 


54 


41-32 


25-3188 






* 




12 


28 


31*99 


13-2098 










0 


57 


103 


26-3968 


• 

1 


2 


22-54 


1-0999 


13 


30 


53*00 


14-2983 




• 






2 


4 




« 2-1997 


14 


33 


1S-60 


15-3981 










3 


7 


7-63 


3-2996 


15 


35 


38*14 


10-4980 










4 


9 




* 4-3995 

* 0-4993 


16 


38 


0-69 


17-5979 










5 


11 


52-71 


% 17 


40 


23-23 


18-6977 










0 


14 


16-26 


6-5992 


18 


42 


45*77 


19*7976 


- 








7 


16 


37-80 


7-0991 


19 


45 


8-31 


20-8975 










8 


19 




8-7989 


20 


47 


30*86 


21-9973 










9 


21 


22-89 


9-8988 


21 


49 


53-40 


23-0972 










10 i 


23 


45-43 


10-9987 


22 


52 


15-94 


24*1971 










11 


26 


7-97 


12-0985 


23 


54 


38-48 


25-2970 










12 

1 


28 


30-51 


13-1984 














G 
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TABLE XLIX — Contd. 



rwmVm ■aaaaartmaa b- 



24-hour 
periods 
from true 
Mcsha* 
B&rnkranti 
(inclusive). 


Arc travelled by true sun 
in 24 hours. 

ti 




9 

Arc travelled by true sun per hour. 






o / Jf 


, 10,000th* 


No. of 


— 


10,000th* 


No. of 


/ * 


10.000tlu 






of oirole. 


Hours. 


H 


ofcirole. 

i 


Hours. 




of circle. 


1 


2 


3 


4 


5 


6 


4 


5 

, 


6 . 

f 


67 to 69 > 

0*1 fn QA k 


0 56 58*66 


26-3786 


1 


» 

2 22*44 


1*0991 


13 


30 61-78 


14*2884 


(fu vO <fO j 






2 


4 44*89 


2*1982 


14 


33 14-22 


16-3875 








3 


7 7*33 


3*2973 


15 


35 6-66 


16*4866 


y 






4 


9 29*78 


4-3064 


16 


37 59-11 


17-6867 








5 


11 62-22 


6-4955 


17 


40 21*55 


£8-6848 








6 


14 14-67 


6-6946 


18 


42 44-00 


19-7839 








7 


16 37*11 


7-6937 


19 


45 6-44 


20*8830 








8 


18 59*55 


8*7029 


$£P! SbH® 


47 28-89 


21*9821 








9 


21 22-00 


.. 9*8920 


21 


49 51*33 


, 23*0812 








10 


23 44*44 


10*9911 


22 


52 13-77 


24-1804 








11 


26 6-89 


12-0902 


23 


64 36-22 


26-2795 








12 


28 29-33 l 


13*1893 








70 to 73 7 

qq to 02 K 


0 56 66*80 


26-3649 


1 


2 22 37 


1*0085 


13 


30 50*81 


14*2810 


Off bO V« J 






2 


4 44*74 


2-1971 


14 


83 13*18 


15*3795 








3 


7 7*11 


3-2956 


14 


35 35-55 


16-4780 








4 


9 29-48 


4-3941 


16 


37 67-93 


17-6766 








6 


11 61*85 


6*4927 


17 


40 20-30 


18-6761 








6 


14 14-22 


6-6912 


18 


42 42-67 


19-7737 




« 




7 


16 36-69 


7*6898 


19 


45 5*04 


20-8722 




* 




8 


18 68-96 


8-7883 


V Kill 


47 27-41 


21-9707 








9 


21 21-33 


9-8868 


21 


49 49-78 


23-0693 








10 


23 48*70 


10-9854 


22 


52 12-15 


24*1678 








ii 


26 6-07 


12-0839 


23 


64 34-52 


25-2663 








12 


28 28-44 


13*1824 








74 to 77 } 

GA 4a fifl | 


0 66 66-71 


26-3668 


1 

i 


2 22-32 


1-0982 


13 


30 60-17 


14-2760 


Ov vU OO J 






2 


4 44-64 


2-1963 


14 


33 12-49 


16-3742 








3 


7 6*96 




15 


35 34-82 


16-4723 








4 


9 29-28 


4-3926 


16 


37 57-14 


17-6705 








5 


11 61-61 


6*4908 


17 


40 19*40 


18*0087 








6 


14 13-93 


6*5889 


18 


42 41*78 


19-7668 








7 


16 36*25 


7*6871 


19 


45 4-10 


TTHHi 








8 


18 68-67 


8-7863 




47 26-42 


21-9631 








9 


21 20-89 


9-8834 


21 


49 48-74 


23-0613 








10 


23 43-21 


10*9816 


22 


62 11-06 


24-1694 








11 


26 6-63 


12*0797 


23 


64 33-38 


26-2676 


78 to 85 "1 


1 




12 


W-i&bM 


13-1779 




% 

< 


m 


(True sun in 1 

iVIWI## AM I 


0 66 55*11 


26-3612 


1 


2 22-30 1 


1*0980 


13 


• 30 49*85 


14-2738- 1 


SIXyCC v« 1 
tj/l4J MJ } 1 


i 




2 


4 44-69 


2-1969 


14 


83 *12-15 




4/**y v* /• ^ 






3 


7 6-89 


3-2939 


15 


86 34-45 


16-4695 








4 


9 29*19 


4-3919 


16 


87 56*74 


17-6675 








* 6 


11 61-48 


5*4898 


17 


40 19-04 


18-6664 


. 






6 


14 13-78 


6*5878 


18 


42 41-34 


19-7684 








7 


16 86*07 


7*6858 


10 


46 .3-63 




, 






8 


18 68*37 


8-7837 




47 29-93 










» 


£1 2067 


9-8817 


21 


49 48-22 


23-0679 








10 


23 42-96 


10-9797 


22 


52 10-52 


24-1663 






■' 


11 


26 0*26 


12-0776 


28 


64 32-82 


25*2532 


• 






12 
’ 1 


28 27-66 


13-1756 
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TABLE XLIX — Contd* 



24-hour 
periods 
from true 
Mesha* 
sarbkr&nti 
(inclusive). 



Are travelled by true sun 
in 24 hours. 



Aro travelled by true sun per hour. 



fl 

I 



- - - 


o 


/ 0 


lOfOOOtha 
of eircle. 


No. of 
Hours. 

i 


/ 


H 


10,000ths 
of oirele. 


No. of 
Hours. 

t 


/ 


tf 


10,000ths 
of circle. 


• 1 
• 


2 


3 


4 


i 

5 


6 


4 


5 


6 




JPor all dap# ( Column l)from 86 to 164 see above , taking the numbers of days backwards • 




165 to 168 i 

Oflfl ly. OBO A 


0 


58 5516 


27*2776 


1 


2 


27-30 


1*1366 


13 


31 


54-88 1 


14*7753 


«QV tO 0O * ) 




* 




2 


4 


54-00 


2-2731 


14 


34 


22-18 


15*9119 










3 


7 


2i*90 


3*4097 


15 


36 


49-48 


17*0484 










4 


9 


49 19 


4*5462 


16 


39 


16*77 


18*1850 


• 








5 


12 


. 10-49 


5-6828 


17 


41 


44-07 


19-3215 










6 


14 


43*79 


6*8914 


18 


44 


11 37 


20-4581 










7 


17 


11-09 


. 7*9559 


19 


46 


3807 


21 -5947 










8 


19 


3839 


9-0925 


20 


49 


6-97 


22-7312 


• 








0 


22 


5 69 


10-2291 


21 


51 


33*27 


23-8078 










10 


24 


32-98 


11*3656 


22 


54 


0-56 


25*0043 










11 


27 


028 


12*5022 


23 


50 


27-80 


20-1409 




i 






12 


29 


27-58 


13-6387 








* 


169 to 172 ) 


0 


56 4*03 


27-3459 


1 


2 


27*67 


1-1304 


13 


31 


59*68 


14*8124 


Ouu CU uUU j 






- 


2 


4 


5534 


2*2788 


14 


34 


27*35 


15-9518 










3 


7 


23*00 


3*4182 


15 


36 


55*02 


17*0912 










4 


9 


60*67 


4*5577 


16 


39 


22*69 


18-2306 










5 


12 


18-34 


5*6971 


17 


41 


50-36 


19-3700 










6 


14 


40-01 


6-8365 


18 


44 


18*02 


20*5094 






N. 




7 


17 


13*68 


7*9759 


19 


46 


45*09 


21*6489 










8 


19 


41-34 


9*1153 


20 


49 


13*36 


22-7883 










9 


22 


9-0 i 


10-2547 


21 


51 


41*03 


23-9277 






■ 




10 


24 


36-68 


11-3941 


22 


54 


8*69 


26*0671 










11 


27 


435 


12*5335 


. 23 


56 


36*36 


26*2065 


t 








12 


29 


3202 


13*6730 










178 to 176 V 

OCO .a OEK / 


0 


69 12-31 


27-4098 


1 


2 


28-01 


i 

1-1421 


13 


32 


4*17 


14*8470 


O0w vO OOi# J 








2 


4 


50-03 


2-2841 


14 


. 34 


32-18 


15-9890 










3 


7 


24-04 


3*4262 


15 


37 


0*19 


17-1311 










4 


9 


62 05 


4*5683 


16 


39 


28*21 


18*2732 










6 


12 


20 06 


5*7104 


17 


41 


06-22 


*194153 








►- 


6 


14 


48-08 


6-8524 


18 


44 


24-23 


20-5573 










7 


17 


16*09 


7*9945 


19 


46 


52*25 


21*6994 










8 


19 


44*10 


9*1366 


20 


49 


420-26 


22 8415 










9 


22 


12*12 


10-2787 


21 


51 


48*27 


23*9836 




i- 






10 


24 


40-13 


11*4207 


22 


54 


16*28 


25-1256 




i 

I 






11 


27 


8*14 


12*5628 


23 


56 


44*30 


26*2677 










12 


29 


36*15 


13-7049 








i 

i 


177 to 180 > 
348 to 851 $ 


0 


59 21-18 


27*4782 


l 


2 


28*38 


1*1449 


13 


32 


8-97 


14*8840 








¥ 


2 


4 


56*77 


2-2899 


14 


34 


37-36 


16*0290 


* 


i 






3 


7 


25-16 


3*4348 


15 


37 


5*74 


17*1739 










4 


9 


53-53 


4*5797 


16 


39 


34*12 


18*3188 










6 


12 


21-91 


5-7246 


17 


42 


2-50 


19*4638 










6 


14 


50-30 


6*8696 


18 


44 


30-89 


20*6087 










7 


17 


18-68 


8-0145 


19 


46 


59*27 


21-7536 






- 




8 


19 


47-06 


9-1594 


20 


49 


27*65 


22*8985 








i 

l 


9 


22 


15-44 


10*3043 


21 


51 


56*03 


24-0435 








1 

I 


10 


24 


43-83 


11*4493 


22 


54 


24*42 


j 25*1884 










11 


27 


12-21 


12-5942 


23 


56 


52*80 


26*3333 










12 


29 


40*59 


13*7391 




\ 







o 2 








24 -hour 
periods 
from true 
Me«ha- 
samkranti 
(inclusive). 



Arc travelled by true sun 
in 24 hours. 



Arc travelled by true sun per hour. 




10,000ths No. of 
of circle. Hours, 



181 to 184 > 
344 to 347 j 



0 69 30*05 



]8T> to 187 } 
341 to 343 > 



0 59 38-33 27-6106 



188 to 191 > 
337 to 340 > 



0 59 46-61 27-6745 



198 to 195) 
333 to 336 ) 



0 59 64-89 



27-7383 



2 
4 
7 
9 
12 

6 14 

7 17 

8 19 
22 

10 24 

11 27 

12 20 



29-10 

58-19 

27-29 

66- 39 
25-49 
64*58 
23*68 
62-78 
21*87 
60*97 
20-07 
49*16 

29-44 

58*88 

28*33 

67- 77 

27- 21 
66-66 
20*09 
65-54 
24-98 
54-42 
23-86 
53*30 

29*79 

69*57 

29-36 

69-15 

28- 93 

68- 72 
28-51 
68-30 
28-08 
57-87 
27-66 
57-44 



lO'OOOths 


No. of 


of oirole. 


Hours. 




1*1478 

2- 2956 

3- 4433 
4 5911 

5- 7389 

6- 8867 
8*0345 
9-1822 

10- 3300 

11- 4778 

12- 6256 

13- 7733 

1- 1504 

2- 3009 

3- 4513 

4- 6018 

5- 7522 
6*9026 

8- 0531 
9*2035 

10- 3540 

11- 6044 

12- 6548 

13- 8053 

1*1531 

2- 3062 

3- 4503 

4- 6124 
6*7655 
6*9186 
8*0717 

9- 2248 
10*3779 
11*5310 
12*6841 
13*8372 

1*1558 

2*3115 

3*4673 

4*6231 

5- 7788 

6- 9346 

8- 0903 

9- 2461 

10- 4019 

11- 5576 

12- 7134 

13- 8692 









m 





13-78 

42-53 

11*28 

40*03 

8*79 

37-54 

6-29 

35-04 

3-79 

32*55 

1-30 



18-26 

47-36 

16*46 

45-55 

14*65 

43*75 

12*84 

41*94 

11*04 

40*14 

9*23 



22-75 

52-19 

21-63 

51-07 

20*51 

49-96 

19*40 

48*84 

18*28 

47-72 

17-17 



32 

34 * 

37 

39 

42 

44 

47 

49 

52 

54 

57 



27-23 

57-02 

26-80 

56-59 

26-38 

60-17 

25*95 

55-74 

25-53 

55*31 

25-10 



10»000ths 
of circle. 



14-9211 

16-0689 

17*2107 

18-3645 

"19*5122 






21-8078 
22' 9556 

24- 1034 

25- 2511 

26- 3989 



14-9557 

16-1062 

17- 2560 

18- 4070 

19- 5575 

20- 7079 
21*8584 
23-0088 
24*1592 

25- 3007 

26- 4601 



14-9903 

16- 1434 

17- 2965 
18*4496 
19-6027 
20.7558 
21-9089 

23- 0620 

24- 2151 

25- 3682 

26- 5213 



15- 0249 

16- 1807 

17- 3365 

18- 4922 

19- 6480 

20- 8037 

21- 9596 

23- 1153 

24- 2710 

25- 4268 

26- 5820 















No. 1] THE TRUE LONGITUDE OF THE SUN IN HINDU ASTRONOMY. 



TABLE XLIX — Contd . 



24-hour 
periods 
from true 
Meeha- 
saihkranti 
(inclusive). 



Arc travelled by true sun 
in 24 hours. 



10,000ths I No. of 
of circle. I Hours, 




196 to 190 ) 
329 to 332 > 



0 317 



27*8022 





200 to 203*) 
J25 to 328 j 



0 10-85 27-8615 






204 to 206*1 
321 to 324 ) 



0 18*54 27-9209 





207 to 210 > 
318 to 320 j 



0 25*t)4 27-9756 







30- 13 
0-26 
30-40 
0-53 
3066 

0- 79 
30-92 

106 
31 19 

1- 32 
31 45 

1-58 

30- 45 

0- 90 

31- 36 
1 81 

32- 26 
2 71 

33- 17 

3- 62 
3407 

4- 52 

34- 98 
5*43 

30- 77 

1- 55 
3232 

3-09 

33-86 

4*64 

35- 41 
6-18 

36- 95 
7*73 

38*50 

9-27 

31- 07 

2- 14 
33-20 

427 

35-34 

6-41 

37- 48 
8-55 

39-61 

10-68 

41-75 

12-82 



1*1584 

2- 3169 

3- 4753 

4- 6337 

5- 7921 

6- 9506 



10*4258 

11- 5843 

12- 7427 

13- 9011 



3-4827 






10- 4481 

11- 6090 
12*7699 
13-9308 

1*1634 



4-6535 
8 
2 

8- 1436 

9- 3070 
10*4703 

11- 6337 

12- 7971 

13- 9604 

1- 1657 

2- 3313 



10- 4909 

11- 6565 

12- 8222 
13-9878 




m 





31-72 

1- 85 

31- 98 

2 - 11 

32- 24 
2-38 

32-51 

2-64 

32-77 

2-90 

33*03 



35-88 

6*33 

36*78 

7- 24 

37- 09 

8- 14 

38- 59 
9*05 

59-50 

9- 95 
40*40 



40- 04 
10-82 

41- 59 

12- 36 

43- 13 

13- 91 

44- 08 
15*45 
46-22 
17-00 
47-77 



43-89 
14-70 
46-02 
17 09 
48-16 
19-23 
50-30 
21-37 
52-43 
23-50 
54-57 



15*0595 

16*2180 

17- 3764 

18- 5348 

19- 6932 

20- 8517 
22-0101 
23 1685 

24- 3269 

25- 4854 

26- 6438 



15-0917 
16 2526 

17- 4135 

18- 5744 

19- 7353 

20- 8961 
220570 

23- 2179 

24- 3788 

25- 5397 

26- 7006 



15- 1238 

16- 2872 

17- 7505 
16-6139 
JL9-7773 
20-9406 

22- 1040 

23- 2674 

24- 4307 

25- 5941 

26- 7575 



15-1535 

16*3191 

17*4848 

18- 6504 

19- 8161 

20- 9817 
22-1474 
23*3130 

24- 4787 

25- 6443 

26- 8100 
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TABLE XLIX — Contd. 



24-hour 
periods 
from true 
Meaha- 
satpkranti 
(inclusive). 


Arc travelled by true sun 
in 24 hours. 






Arc travelled by true tun per boor. 

P 


X 






n 


m 


MM 


10,000ths 


No. of 


/ 


1 

ft 


10,000tha 


No. of 


/ 


tt 


10,000tha 




U 


¥ 




of circle. 


Hours. 




. _ . _ ... 


of circle. 


Hours. 






of circle. 

* 


1 




2 


t. 


3 


4 


5 


6 


4 


6 


6 1 












* 












- 


* 


211 to 214 1 


1 


0 


32*74 


28*0304 


1 


2 


31*36 


1*1679 


13 


32 


47-73 


16-1831 


314 to 317 ) 










2 


5 


2-73 


2-3359 


14 


35 


19*10 


16*3510 












3 


7 


34*09 


3-5038 


15 


37 


50*46 


17-5190 












4 


10 


5*46 


4*6717 


16 


40 


21-82 


,18-6866 












5 


12 


36*82 


6-8397 


17 


42 


63-19 


19*8548 












6 


16 


8*18 


7*0076 


18 


45 


24*55 


21*0228 












7 


17 


39*55 


8*1755 


19 


47 


65-92 


22-1907 












8 


20 


10*91 


9*3435 


■-^SSEH 


50 


27*28 


23*3586 












9 


22 


42-28 


10-5114 


21 


52 


68-64 


' 24*5266 












10 


26 


13*64 


1 1 *6793 


22 


55 


30*01 


25-0045 












11 


27 


45*00 


12-8472 


23 


58 


1*37 


20-8624 












12 


30 


16*37 


14*0152 










215 to 218} 

n 1 A i. 11 1 Q a 


1 


0 


39-24 


28-0806 


1 


2 


31*63 


1*1700 


13 


32 


51-28 


16*2103 


olO to tfiv ) 










2 


5 


3*27 


2*3400 


14 


35 


22-80 


16*3803 












3 


7 


34-90 


3*5101 


15 


37 


54*52 


17*5503 












4 


10 


6*54 


4*6801 


16 


40 


26-16 


18*7204 


• 










5 


12 


38*17 


5*8501 


17 


42 


67-79 


19*8904 












6 


16 


9*81 


7*0201 


18 


45 


29-43 


21*0604 












7 


17 


41*44 


8*1902 


19 


48 


1*06 


22-2304 












8 


20 


13*08 


9*3602 


20 


50 


32-70 


23-4005- 












9 


22 


44*71 


10*5302 


21 


53 


4-33 


24*5705 












10 


25 


16*35 


11-7002 


22 


55 


35*97 


25*7405 












11 


27 


47*98 


12*8703 


23 


58 


7*60 


26-9106- 












12 


30 


19-62 


14-0403 










210 to 222} 


1 


0 


46*15 


28-1262 


1 


2 


31*88 


1*1719 


13 


32 


54-46 


15-2360* 


306 to oU9 ) 










2 


5 


3*76 


2*3438 


14 


35 


26*34 


16*4069 












3 


7 


36-64 


3*5158 


16 


37 


68-22 


17*5789 












4 


10 


7*53 


4*6877 


16 


40 


30-10 


18-7606 












6 


12 


39*41 


5*8596 


17 


43 


1-98 


19*9227 












6 


16 


11-29 


7*0315 


18 


45 


33-87 


21-0946 












7 


17 


43-17 


8*2035 


19 


48 


6-75 


22*2666 












8 


20 


15-06 


9*3754 


20 


50 


37-63 


23-4386 












9* 


22 


46-93 


10-6473 


21 


53 


0*61 


24*6104 










t 


10 


26 


18-81 


11*7192 


22 


55 


41*39 


26-7823 












H 


27 


60-70 


12*8912 


23 


58 


13-27 


26-9643 










** 


12 


30 


22-68 


14*0631 






4 




223 to 226} 


i 


0 


61-07 


28-1718 


1 


2 


3213 


1-1738 


13 


32. 


57*66 


15*2597 * 


302 to 305) 










2 


5 


4*26 


2*3477 


14 


35 


29*79 


16-4336 










1 


3 


7 


36-38 


3*5215 


15 


38 


1-92 


17*6074 












4 


10 


8-61 


4*6953 


16 


40 


34*04 


18-7612 










• 


5 


12 


40-64 


6-8691 


17 


43 


6-17 


19-9560 












6 


16. 


12-77 


7*0430 


18 


,45 


38*30 


21-1289 










i 


7 


17 


44*89 


8*2168 


19 


48 


10-43 


22*8021 










* 


8 


20. 


1702 


9-3906 


WtSmBm 


60 


42*56 


23*4765 












9 


22 


49*15 


10-6644 


21 


<53 


14-68 


24-6603 












10 


25 


21-28 


11-7383 


22 


55 


46*81 


25-8242 












11 


27 


53*41 


12*9121 


23 


58 


18*94 














12 


30 


26-63 


14-0869 






■ 
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TABLE XLIX — Contd. 



24-hour 
periods 
from true 
Mesha- 
saihkr&nti 
(inclusive). 



Arc travelled by true sun 
in 24 hours. 



Arc travelled by true sun per hour. 





10,000th& I No. of , „ lO.OOOths No. of , 

of oircle. I Hours; of circle. Hours. 



10,000ths 

of oirolo. 




226 to 229 ) 
299 to 301 $ 



66*39 28*2129 





230 to 233} 
295 to 298 ) 



M2 28*2494 






234 to 237 ^ 
291 to 294 > 



5*85 





238 to* 2417 
287 to 290) 



9*40 28^3133 







32-35 

4- 70 
3705 

9-40 

41-75 

14- 10 
4645 
18*80 
51*15 
23*50 
55-85 
28-19 

t 

32*55 

5- 09 

37- 64 
10-19 
42 73 

15- 28 
47-83 
20-37 
52-92 
25*47 
58-01 
30-56 

32-74 

5*49 

38- 23 
10-98 
43-72 

16- 46 
4921 
21*95 
54-69* 
27-44 

0-18 

32*93 

32-89 

5*78 

38*67 

11*57 

44*46 

17*35 

50*24 

23*13 

66*02 

28*92 

1*81 

34*70 



1-1755 

2*3611 

3- 5266 

4- 7021 
6*8777 
7*0532 
8*2288 
9*4043 

10*5798 

11*7554 

12*9309 

14*1064 

1*1771 
2*3541 
3-5312 
4*7082 
6*8853 
7*0623 
8*2394 
9*46] 5 

10- 5935 

11- 7706 
12*9476 
14*1247 

1*1786 

2*3572 

3*5357 

4*7143 

5*8929 

7*0715 

8*2501 

9*4286 

10*6072 

11*7858 

12*9644 

14*1429 



" v Jtf 



3- 6392 

4 - 7189 







i 



8*2580 

9*4378 

10- 6175 

11- 7072 
12*9769 
14-1566 



0*54 

32-89 

5*24 

37-59 

9-94 

42-20 

14*64 

46-99 

19-34 

51*69 

24-04 



3*11 

35-65 

8-20 

40-75 

13-29 

45-84 

18-39 

50-93 

23-48 

56-03 

28*57 



5*67 

38-41 

11*16 

43-90 

10*64 

49-39 

22-13 

54-88 

27*62 

0-36 

33-11 



7*59 

40-48 

13*37 

40*27 

19*16 

52-05 

24-94 

57-83 

30*72 

3-02 

36*51 



15- 2820 

16- 4575 

17- 6331 

18- 8086 
19-9841 
211597 
22*3352 

23 - 5107 

24- 6863 

25- 8618 
27-0373 



15- 3108 

16- 4788 

17- 0559 

18- 8329 
20*0100 

21- 1870 

22- 3041 

23- 5412 

24- 7182 

25- 8953 
27*0723 



15- 3215 

16- 5001 

17- 0787 

18- 8573 
3p-0358 

21- 2144 

22- 3940 

23- 5716 

24- 7502 

25- 9287 
27-1073 



15- 3364 

16- 5161 

17- 0958 

18- 8755 

20- 0552 

21- 2350 

22- 4147 
23 5944 

24- 7741 

25- 9538 
27*1335 
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Ko* 1] THE TRUE LONGITUDE OF THE SUN IN HINDU ASTRONOMY. 



TABLE XUX— Contd* 



24 -hour 
periods 
Iron* true 
' MSftha- 
samkr&nti 
(inclusive). 



Arc travelled by true sun 
in 24 hours. 



Arc travelled by true sun per hotip. 




lO.OOOths I No. of 
of oirole. I Hours. 



10,000ths 
of oirole. 



No. of 
Hours. 




257 to 260 
266 to 271 



I 2004 28*4000 





10,000ths 
of oirole. 



2 33-36 



7 40 08 
10 13-44 

12 46-80 

6 

L7 53*52 
10 26*88 



10 25 33*60 

11 28 6*9 

12 30 40-32 



261 to 267’ 
{J'rue sun in 
perigee , on 
Day 263)., 



1 21*23 



28*4045 



33-38 



3 

4 

5 

6 

7 

8 


7 40 15 

lO 13-54 
12 40(12 

15 2031 

17 53 09 

20 2708 


9 


2 


3 0-40 


a 


2 


5 33 84 


2 


8 7-23 


2 


3 


0 40*61 







11833 
2-3667 
3*5500 
4*7333 
5*0167 
7* 1000 
8*2833 
9*4667 
10*6500 
11-8333 
13*0166 
14*2000 



1-1835 

2*3670 






4*7341 

5*9176 

7*1011 

8*2847 

9*4682 

10-6517 

11*8352 

13- 0187 

14- 2023 



' 13 

14 

15 

16 

17 

18 

19 

20 
21 

* 22 

2 » 



1368 
47*04 
20*40 
53*76 
27-12 
0*48 
33*84 
7 20 
40*56 
13*92 
47*28 



15*3833 

16*5666 

17*7500 

18-9333 

20*1160 

21*3000 

22*4833 

23*6660 

24- 8500 

25- 0333 
26 2160 



14*00 
47*38 
20*77 
54*15 
27*54 
0*92 
34*30 
7*69 
41*07 
14 40 
47*84 



15*3858 
10*5693 
17*7528 
18 9304 
20*1199 
21*3034 
22*4869 
23*0704 
24-854J 
20-0375 
27 2210 
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EPIGRAPHIA INDIOA. 



(Vot. XI?. 



3 1 



ate: 






TABLE L. 

Elements or the Sun’s Longitude. 



Minutes. 

i 

« 

The figures in Columns 2, 3, show the sun’s mean movement during the times noted in Column I. 



Time 
, Mine. 


/ 


0 


10,000ths 
of circle. 


Time 

Mins. 


/ 


0 


10,000tha 
of circle. 
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N. B . — Sinoe (bis Table shows the sun's mean motion during the number of minutes indicated, a slight' 
correction must be made, in order to ascertain his true motion, if very great accuracy is required. The 
largest possible correction, namely for 59 minutes on the days 81 and 263 (when the sun is in apogee and 

perigee and is therefore at his slowest and quiokest) is on Day 81 minut 5**4516 or 0*0421, and on Day 268 

plus the same. 

Henoe on Day 81 the true sun’s journey in 59 m. must be taken as (by the Table, 2' 25'38 — 5'*45») 
f 19**93, or (by the Table, M217— 0*0421 =) 1*0796; andon Day 263 as (2' 25 # *38+5'*45=) 2' 30'*83, or 
( 1*1217 +0*0421 =) 1*1638. 

It is not necessary to frame a Table to meet corrections less than this. Calculation oan always be made 
by taking from the Hour Tablo (Table XL1X) the true sun’s motion in one hour on the day in question* 

dividing this by 60, and multiplying the result by the number of minutes concerned. 
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TABLE L-A. 



Elements or the Sun’s Longitude. 
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Cols. 2, 3, shew the Sun’s mean movement during times noted in Col. 1. 
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The Table follows M. do Biss’s fixture of the sun's meats movement in 1 time-minute by the Siddkania- 
tirimp 2'*464 > 008,788, or 0019,012,414. 










